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1. Introduction
This contribution discusses remaining issues for UL data transmission without UL grant. More particularly, it discusses resource configuration, UE identification, physical channel structure and related procedures. 

2. Related agreements
In this section, it can be found that relevant agreements on UL data transmission without UL grant. First of all, regarding configurations of UL data transmission without UL grant, following agreements can be found:
	1. NR Ad-Hoc(Jan 2017)
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
2. RAN1#88
· For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
3. RAN1#89
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
· “semi-static resource configuration in RRC” agreed by R1-1709537 includes UE-specific semi-static configuration for RS.


Regarding channel structure of UL data transmission, followings are agreed: 
	4. NR Ad-Hoc(Jan 2017)
· For an UL transmission scheme without grant
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
5. RAN1#88
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
6. RAN1#88bis
· Support ZC-sequence for UL DFT-S-OFDM DMRS


Regarding repetition and retransmission scheme for UL data transmission, followings are agreed: 
	7. NR Ad-Hoc(Jan 2017)
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
8. RAN1#88
· For UL transmission without grant,
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB
· The number of repetitions for the TB reaches K
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply



3. Discussion
3.1. UE identification
So far, it has been agreed that UL transmission including repetition can be stopped if the UE receives UL grant for the same TB. To support this feature, a UE should be able to map the received UL grant to the UL transmission without UL grant. This would require mapping rule between parameters in UL grant to the parameters (e.g. resources) used in UL transmission without grant. 
To clarify the overall procedure including how it works in details, pros and cons, UE-identification, and its feasibility, companies are recommended to provide their own views on following question.
Q1: If resources for UL data transmission without grant are configured for a UE, can the UE skip UL transmission depending on UL buffer status? If not, what is the expected UE behaviour?
	Company
	View

	LG
	Yes, we consider that UL transmission without grant can occur only when there is data to transmit. 

	ZTE
	Yes, since UL traffic for URLLC and eMBB small packet can be periodic or aperiodic, UE may skip UL transmission on the reserved resources if there is no data to transmit.

	Huawei, HiSilicon
	The terminology of ‘skip’ is used in LTE for UE skipping the UL transmission associated with a dynamic or configured UL grant, since whether the UE skips the grant will impact the base station’s action. However, for a UE configured with UL transmission without grant, there is no need to configure such ‘skip’ since for all configured grant-free resource, the base station will anyway perform blind detection. So in this case, UL transmission can be performed based on parameters configured by RRC when there is data to transmit. 

	NTT DOCOMO
	Whether to skip the UL transmission without grant should be configurable to the UE. If the periodicity of the reserved UL resource is short like 1 slot, it is beneficial to configure the UE to skip the UL transmission if it has no data in the buffer; If the periodicity of the reserved UL resource is long, it is also beneficial to configure the UE to transmit PHR or CSI report instead of skipping the UL transmission if no data in its buffer.

	Samsung
	Yes, the UE can skip UL transmission if there is no data to transmit

	CATT
	Functionally, if a UE is configured with a grant-free resource that could be shared it should not have to transmit if it doesn’t have data. This does not mean that there needs to be a configuration for UL skipping as it may simply be a natural mode of operation. 

	MediaTek
	The packet arrival rate for URLLC is expected to be low and irregular, therefore for efficiency and power consumption considerations UL transmission should be skipped if the buffer is empty.

	NICT
	Yes, we consider UE should be able to skip the UL transmission depending on the buffer status. 

	Ericsson
	Yes! The UE should skip UL if it does not have any data to transmit.

	vivo
	From our point of view, we consider UE can skip UL transmission if there is no data in the buffer, which is beneficial for power saving.

	Intel
	The UE may transmit on configured grant-free resources when there is data in the UL buffer. No UL transmission of “dummy packets” is mandated in case of no data in UL buffer at the UE.

	Sharp
	Yes.

	InterDigital
	Yes, we expect UL transmission happen only when there is data to transmit.

	Lenovo, Motorola Mobility
	Yes to the first question. For the second question, if the UE transmits in the configured resource when UL buffer is empty, use cases and UE behavior need to be clarified in details.

	Nokia, ASB
	Yes, the UE can skip the UL transmission if there is no data.

	III
	Yes, URLLC traffic is unpredictable, skip UL transmission if there is no data can reserve UE power and also reduce interference to other UEs.

	Panasonic
	Yes, if there is no data to transmit, UE does not transmit anything in the resource for UL data transmission. 

	OPPO
	Yes, the UE should be able to skip the UL transmission in case no data needs to be transmitted. If mechanisms to reuse the configured resource are considered, they should be carefully studied with evaluation.

	Fujitsu
	Yes. If there is no data to transmit, the UE should skip UL transmission.

	Qcom
	Yes, the UE can skip UL transmission if the UL buffer is empty



Q2: Is the resource configuration including time and frequency resources, MCS, RS parameters sufficient to distinguish different UEs transmitting UL data transmissions without UL grant? If not, what is the reason and how to distinguish different UEs?
	Company
	View

	LG
	Though the number of UEs multiplexed can vary depending on the expected traffic arrival rate, overall we consider that the network can identify multiple UEs sharing the same time/frequency resource with different RS parameters.

	ZTE
	Different UEs can be distinguished based on 1) different RS parameters of orthogonal RS sequences, where the number of multiplexed UE is limited by the RS resources, or 2) different RS parameter together with physical resources (time and frequency indexes during the K repetition/hopping), targeting to minimize the hard-collision probability (RS collision + physical resource collision). The number of UEs shared on the same resources and the corresponding UE identities are semi-statically configured by gNB.

	Huawei, HiSilicon
	To distinguish multiple UEsconfigured with grant-free transmission, the above listed parameters are sufficient. To improve the performance to meet a certain application requirement e.g. URLLC in a real network, there shall be other transmission parameters/information to be configured accordingly, including e.g. repetition number K to provide soft combining gain within the latency constraints, and power control parameters.

	NTT DOCOMO
	PN sequence is used for RS in CP-OFDM waveform and ZC sequence is used for RS in DFT-s-OFDM waveform. If the number of orthogonal RS sequences is large enough compared to the number of UEs sharing the resources for UL grant-free transmission, different UEs can use different RS parameters all the time. However, if the number of UEs sharing the resources for UL grant-free transmission is quite large, it should be allowed to configure the same RS parameters to different UEs. In this case, gNB cannot identify the exact UE only by the RS. However,even in this case, it is possible for gNB to identify the UE by other means, such as data scrambling, CRC, etc, through data decoding. If gNB fails to decode the data while identifies the related RS sequence, the gNB cannot identify the exact UE. In this case, the gNB can send UL grants to the possible UEs sharing the same RS sequence. Then the UE(s) having data in their buffer transmits UL data (otherwise the UE will skip). Therefore, the gNB can finally identify the actual transmitting UE.

	Samsung
	Different RS parameters and/or time/frequency resources are sufficient to distinguish different UEs

	CATT
	Yes, RS and time-frequency resources can distinguish UEs and would then be up to the network how to partition UEs to resources to meet target detection and BLER performance.

	MediaTek
	Resource configuration and RS parameters are enough. Depending on the number of UEs that are multiplexed the resource configuration may not be enough to avoid UEs collision. To allow UE identifiability in case of collisions and demodulation of the data UE specific RS will be required.

	NICT
	We consider gNB can distinguish UEs with orthogonal RS if the number of multiplexed UEs on the same physical (time/frequency) resource is less than or equal to the maximum number of the RS design target.

	Ericsson
	This depends on the RS that is used, the amount of resources specified, and also the number of UEs. A feasibility study needs to be done to evaluate the identification based on DMRS first.

	vivo
	The parameters listed in the resource configuration are sufficient to distinguish different UEs who are transmitting UL data without grant. RS parameters/configurations can be considered to be used for UE identification. Considering the reliability of UE identification, orthogonal RS parameters/configurations for multiple UEs are desirable. However, it may be limited by the orthogonal RS parameters/configurations. Shared RS parameters/configuration for multiple UEs are not unavoidable if number of UEs is larger than the number of RS parameters/configurations. Therefore, method to handle the collision of UE identification should be considered.

	Intel
	The parameters listed in the question, with possible consideration of UE-specific data scrambling, are components of the resource configuration for grant-free transmissions. Proper resource configuration of suitable combinations of these parameters, signaled semi-statically, with or without further dynamic modifications, is sufficient for UE identification. Additional use of preambles, UL control signaling, etc. may be considered only if misdetection using the above parameter configuration is established to lack in providing sufficient reliability to meet URLLC requirements. 

	Sharp
	Not only RS but also a part of data can be used for accurate UE identification and HARQ.

	InterDigital
	Yes, we believe that the time-frequency resource configuration, MCS, and RS parameters should be sufficient to distinguish different UEs transmitting UL data transmissions without UL grant.

	Lenovo, Motorola Mobility
	We think the first question really depends on the performance requirement of the UE identification. Using RS can be a starting point. Different time and frequency resource configuration helps to distinguish UEs. But when collision happens, the assistance is marginal.
In the current context of grant-free to support URLLC, we understand that quite guaranteed RS length would be helpful for high reliability (i.e. 10-5 error rate). Normally, a highly demanded reliability comes with cost of high RS and/or preamble overhead. In this aspect, it should be considered together with time and frequency resource granularities configured for grant free transmission.

	Nokia, ASB
	It should be supported that multiple UEs are configured with the same time and frequency resources. Different DMRS can be configured for the UEs sharing the same time/frequency resources. Although DMRS can be considered as one way for UE identification, the performance needs to be carefully evaluated especially considering the high reliability requirement for URLLC. This can potentially be problematic when the number of PRBs allocated for URLLC transmission is limited.
If the evaluation shows DMRS alone cannot provide sufficient detection performance, additional signaling would need to be considered.

	III
	Yes, parameters in the question lists can be the baseline for UE identification. However, when the UE size is too large to be accommodated in orthogonal configurations, additional preamble design or shared resource pool can be considered, wherein UE has some flexibility to determine transmitted resources, MCS, repetition number K, etc using uplink control.

	ETRI
	UE can be identified by time/frequency resource, DMRS parameters, and/or scrambling. Also, we can include part of or entire RNTI in URLLC traffic.

	Panasonic
	Yes, these can be sufficient for this release.

	OPPO
	In this phase, the mentioned configurations are sufficient because the grant-free UL transmission is mainly used for URLLC. If the GF is considered for mMTC in future, more signature mechanism can be considered to support a larger number of connections.

	Fujitsu
	In our view, time frequency resources and RS parameters are sufficient to identify and differentiate UEs. If the number of UEs sharing the same resources is larger than the number of orthogonal RS, expanding the number of RS in some way e.g. by scrambling etc. and/or data decoding can be considered to further alleviate UE collisions.

	Qcom
	If all the GF UEs are configured with orthogonal time/frequency spatial resource, then yes, just like LTE SPS, this is sufficient to distinguish different UEs.
If they are multiplexed on non-orthogonal resource with each other and also with eMBB UEs, then no, since on the non orthogonal time frequency resource, RS resource locations may be shared by many UEs for system efficiency and statistical multiplexing and at the same time they could get interference from neighbour cell or regular eMBB UEs. 
The detection URLLC may need high reliability for detection and MMTC may need to support large #UEs. DMRS blind detection cannot the mere source of URLLC detection.
In such a case, UEs can be distinguished based on SR which may be transmitted in parallel with the data transmission. SR will be more robust to collision handling than data decoding based approaches. Also, the reserved resource for SR can be substantially smaller than data
At the same time, URLLC data GF transmission can potentially be colliding with eMBB and at the same time may require much more resource for data capacity and low latency.



According to the agreements on RS design, RS parameters can be different depending on UL waveform (e.g. CP-OFDM or DFT-S-OFDM). The feasibility of UE identification using RS sequence/configuration may depends on the form of RS sequence. In case, companies are recommended to provide their views on which RS sequence and/or configuration having in mind, and whether or not UE identification using RS sequence is always feasible. 
Q3: If UE identification mechanism uses RS sequence/configuration, what kind of RS sequence and/or configuration is used for UL data transmission without UL grant? Which UL waveform is used for UL data transmission without UL grant, and then how to perform UE identification mechanism?
	Company
	View

	LG
	For RS sequence based UE multiplexing for resource sharing, we consider ZC-based DFT-s-OFDM is baseline. The similar approach can be also considered for CP-OFDM. In case PN sequence is used for CP-OFDM UL transmission, further investigation seems necessary whether resource sharing based on RS sequence is feasible and beneficial. 

	ZTE
	ZC sequences for DFT-S-OFDM as baseline. Front-loaded RS symbol(s) is preferred. Further study whether it is necessary to increase the overhead of RS resources.

	Huawei, HiSilicon
	From grant-free perspective, the RS design should at least consider both UE detection performance and BLER performance. PAPR performance may also be considered. So currently for both CP-OFDM and DFT-s-OFDM, we consider ZC-based RS sequence for UEs configured with grant-free scheme, and our previous results (see R1-1611689) has shown sufficient feasibility of DMRS for UE blind detection to meet URLLC requirement. The design of RS for UL MIMO can be starting point.

	NTT DOCOMO
	About UE identification, the answer is same as Q2;
About which waveform used for UL grant free transmission, both CP-OFDM and DFT-S-OFDM can be considered and UE can derive from explicit or implicit way about the waveform. 

	Samsung
	No need to differentiate RS design for grant-based and grant-free transmission. PN sequence and ZC sequence can be baseline RS design for CP-OFDM and DFT-s-OFDM respectively.

	CATT
	Both CP-OFDM and DFT-S-OFDM should be considered for grant-free UL transmission. At least ZC sequence can be considered as a starting point until the RS design for UL CP-OFDM is finalized.

	NICT
	We consider ZC-based DFT-S-OFDM is baseline. CP-OFDM is not precluded.

	Ericsson
	DMRS can be a starting point. For DFTS-OFDM it has been agreed to use ZC based sequence. For CP-OFDM the sequence is not agreed but we can use comb and cyclic shift.

	vivo
	Consider ZC-based sequence for DFT-s-OFDM and CP-OFDM 

	Intel
	Depending on configuration by the gNB, DM-RS associated with the grant-free PUSCH transmission can be used for UE identification. 
ZC sequence-based DM-RS and DFT-s-OFDM based waveform can be considered as a starting point. PN sequence-based DM-RS for CP-OFDM waveform can be further investigated with considerations on DM-RS detection and channel estimation performance in case when multiple UEs may share the same physical resource for grant-free transmission. Furthermore, additional DM-RS symbol can be configured to improve UE identification, channel estimation and time/frequency tracking performance.

	Sharp
	For the waveform, DFT-S-OFDM can be considered as baseline.

	InterDigital
	ZC sequences can be used as baseline for both DFT-s-OFDM and CP-OFDM. 

	Lenovo, Motorola Mobility
	ZC sequence can be the baseline. DFT-s-OFDM and CP-OFDM can both be considered.

	Nokia, ASB
	Both DFT-S-OFDM and CP-OFDM should be supported for UL grant-free transmissions. We should have the same DMRS design for UL grant-based and grant-free transmissions. This means that we should follow the DMRS agreements for grant-based transmissions, and use that as the starting point for evaluation.

	III
	ZC sequence-based DM-RS can be considered a baseline, if UE identification capacity, performance and channel estimation quality can both meet within reasonable overhead of RS resources.

	Panasonic 
	No specific need to be differentiated from grant-based or SPS.

	OPPO
	ZC-based RS can be treated as a baseline for DFT-s-OFDM as well as CP-OFDM.

	Fujitsu
	ZC sequences for DFT-S-OFDM and CP-OFDM can be considered as the baseline. PN sequences for CP-OFDM is FFS.

	Qcom
	URLLC grant-free should be DFT-s-OFDM to ensure good link-budget, high reliability can be achieved especially for GF transmission where UE environment can change drastically. At the very least, DFT-s-OFDM has to be used when UE’s path loss is beyond certain value, otherwise URLLC cannot be guaranteed. OFDM may be used, but not for all cases.
ZC sequence based RS could be used. 



To support UL grant corresponding to initial UL transmission without grant, UL grant design and mapping rule or how a UE identify the UL grant for initial UL transmission without grant need to be clarified. Though the design of UL grant in general has not finalized, it is expected that at least HARQ process ID and NDI would be included in UL grant, and UE ID is also included in UL grant. 
Q4: Whether the design of UL grant for retransmission is same regardless of corresponding initial UL transmission occurs with or without UL grant. If it is not same, please identify different aspects of UL grant corresponding to UL transmission without grant. 
	Company
	View

	LG
	We do not see a strong reason to differentiate the design of UL grant corresponding to grant-based or grant-free based initial transmission.

	ZTE
	As long as the grant-free initial transmission of a UE is detected, there should be no difference on UL grant for the retransmissions between grant-free and grant-based initial transmissions. The grant-based retransmission can use either grant-free or grant-based resources. The UE identification performance should take into account the false alarm rate, which would cause unnecessary scheduling and resource wasting for retransmission.

	Huawei, HiSilicon
	To early terminate the retransmissions/repetition of multiple UEs configured with grant-free, group common PDCCH only containing ACKs can be considered. For UL grant scheduling a retransmission for an UL packet, the design of UL grant in terms of RNTI and DCI content could be the same between grant-free initial transmission and grant-based transmission. For L1 signaling (when configured) modifying transmission parameters for all later on UL packets of a UE, a separate RNTI may be needed.

	NTT DOCOMO
	At current stage, it is not clear yet whether the design of UL grant for retransmission is same regardless of the initial UL transmission occurs with or without UL grant. After some consensus achieved for following aspects, the answer can be obtained.
1. Whether the UL grant can be used as the agreed L1 signalling to achieve the functions listed below:
· Activation/deactivation/modification on parameters for UL grant free transmission
· Served as acknowledgement/indication of successful receiving of the TB from gNB
· Switch to grant-based retransmission that the initial transmission of the TB is UL grant free based
2. The usage/value of some fields in the UL grant to achieve above functions may be different from the normal UL grant. 
· For example, the NDI usage, whether HARQ process can be shared between the UL grant free and UL grant based transmission, whether new RNTI needs to be allocated for the UL grant to realize above functions.

	Samsung
	General design aspects of UL grant for grant-based and grant-free transmission should be common, but its details may be different according to final design of grant-free transmission.

	CATT
	An UL grant scheduling a retransmission of the same TB should be agonistic to whether the initial transmission was grant-based or grant-free. A separate aspect to be discussed is whether L1 signaling can be used to (re)configure certain transmission parameters. 

	MediaTek
	UL GF transmission should work regardless whether a switch to GB transmission happens or not. Therefore we don’t see the need to design a specific UL grant for the case of GF initial transmission.

	NICT
	Basically, the same UL grant for retransmission can be used regardless of corresponding initial UL transmission on grant-based or without grant.

	Ericsson
	First of all we think that retransmission of a UL transmission without grant can be based on a dynamic grant. The DCI message to trigger a retransmission should be the same regardless of the original transmission.

	vivo
	There is no need to distinguish whether the initial transmission is grant-free or grant-based when UE receives UL grant for retransmission. Details of L1 signaling including UL grant for retransmission data or new data scheduling, activation/deactivation/modification of parameters, need to be further discussed.

	Intel
	Same DCI format and size applies for the DCI indicating grant-based re-transmission irrespective of whether the initial transmission was grant-based or grant-free. The only linkage necessary is in terms of the HARQ process ID for the TB transmitted via grant-free and the UL grant indicating retransmission of the same TB. 
It is preferred that the DCI for activation, deactivation, and modification of grant-free UL resources is based on a common DCI format with different content or re-interpreted fields.

	Sharp
	The common design of UL grant corresponding to grant-based or grant-free based initial transmission can be considered.

	InterDigital
	We believe the design of the UL grant for retransmission would be the same, no matter the initial UL transmission occurs with or without UL grant.

	Lenovo, Motorola Mobility
	Agree with NTT DOCOMO that the functionalities of UL grant mentioned in the question need to be identified first.

	Nokia, ASB
	Same UL grant for retransmission for the cases with grant-based or grant-free initial transmission should be considered at least as the starting point.

	III
	Some aspects need to be considered of possible difference between normal UL grant and UL grant-free preceded UL grant, including SPS-like L1 activation/deactivation, dynamic indication of repetition number K, different resource pool configuration, and UE specific or group common DCI, etc.

	Panasonic
	In order to conclude this, we prefer to conclude exact UL grant design. Although we expect the same design, we prefer not to conclude this until exact UL grant design is concluded.

	OPPO
	It depends on if the gNB can clearly identify the UE sending the initial transmission. If so, no need to differentiate the re-Tx UL grants for GB and GF initial transmissions. However, if the gNB cannot distinguish the UE sending the initial transmission, some additional mechanism is needed to indicate the relation between the initial and re-transmission.

	Fujitsu
	General design for UL grant of grant-free and grant-based transmission should be common at least as the starting point. However, some fields may be re-interpreted, and whether new RNTI is needed can be FFS.

	Qcom
	Same UL grant design is sufficient whether the initial transmission is grant-based or grant-free




Q5:How to distinguish different TBs transmitting UL data transmissions without UL grant? To be specific, 
1. How many HARQ processes are supported for UL transmission without grant 
1. How to map HARQ process number UL data transmission without UL grant?
1. How to handle NDI field in UL grant?

	Company
	View

	LG
	Depending on the configured resources, the amount of UL data to be transmitted would be limited compared to the overall packet size. In case, it can be considered to support more than 1 HARQ processes for UL data transmission without UL grant. 
To identify HARQ process number, the HARQ process ID can be determined based on the resource used for UL transmission without grant. For example, HARQ process ID can be determined based on time resource (e.g., slot index). Another example is to configure separate resource per each HARQ process ID. 
Regarding NDI field in retransmission UL grant for grant-free initial transmission, as the grant is for retransmission, it is assumed that NDI field is always set to 0 (i.e., retransmission). 


	ZTE
	We consider to support more than 1 HARQ process number (HPN). At least for URLLC, the retransmission delay should be limited and therefore the number of HARQ processes may not be too large.
If the HPN and the initial NDI are known between the gNB and UE, an UL grant including HPN and NDI can be used to trigger a new transmission or retransmission for the URLLC UE.The HARQ processing number for the grant-free transmission maybe determined based on the first transmission slot/mini-slot and the number of repetitions K, but this requires a common time instance for the initial transmissions among UEs and the latency requirement may not be fulfilled. Another way is to map the HARQ processing number for the grant-free transmission with different frequency resources or different RS parameters, in this case UE can start initial transmit at any assigned slot/mini-slot, but the number of UEs shared on the same resources would be limited if RS is used for UE identification.
For single HARQ processing number, a predefined time window can be used to determine if the grant for the same TB.
A default NDI is set for the grant-free transmission if NDI is not present for such HARQ process.An UL grant can be used to trigger a retransmission for the same TB if the NDI is not toggled and the HPN indicated in the UL grant is same as the initial grant-free transmission.

	Huawei, HiSilicon
	Multiple HARQ processes per UE are needed considering the latency constraints and the reliability requirement especially for URLLC. The exact number needs further discussion which is related to UE capability.
We also consider that the HARQ process ID can be determined based on some distinguishable resource used for UL transmission without grant. 

	NTT DOCOMO
	The exact number of HARQ processes supported for UL transmission without grant may depend on the resource configuration and gNB processing capability while it is not expected the HARQ processes number for UL transmission without grant is large. 
The mapping of HARQ process number UL data transmission without UL grant can take LTE asynchronous UL HARQ operation for SPS transmission as baseline. About the NDI filed, if the UL grant need to achieve functions other than re-schedule the TB like activation/deactivation/modification on parameters, the usage of NDI can be similar as LTE SPS that NDI=1 implying re-scheduling.

	Samsung
	More than 1 HARQ process can be considered. To identify HARQ process number, HARQ process ID based on resource (e.g. time) can be considered. For NDI field in UL grant, similar as LTE-SPS, NDI field can explicitly indicate initial and retransmission (i.e. not toggling)

	CATT
	Multiple HARQ processes can be configured. The HARQ process ID can be a function of the physical resource. Also agree that the NDI field can have fixed values similarly to configured grants in LTE.

	MediaTek
	Resource configuration and RS parameters can be used to multiplex multiple HARQ processes as well as multiple UEs.

	NICT
	Regarding the number of HARQ processes for UL transmission without grant, it can be more than 1.
Regarding how to map HARQ process number UL data transmission without UL grant, HARQ process number can be determined based on resource.
Regarding NDI field, the same handling as LTE can be considered.

	Ericsson
	Put different TBs on different HARQ PIDs. To identify HARQ process number, HARQ PID can be sent in UCI.
· Multiple HARQ processes is needed for efficient transmission. The exact number of HARQ processes for UL transmission without grant, depends on the total number of HARQ processes and whether HARQ PIDs are shared with dynamic grant or not
· How to map the process IDs between grant-free and dynamic grant depends on whether HPID is shared or not.
· In LTE, L1 activation always set NDI=0. In this aspect, the re-transmission should have a different value which is “one”

	vivo
	Consider the requirement of different traffic, e.g. low latency, multiple HARQ processes can be considered for grant-free transmission. 
To facilitate multiple HARQ processes transmission, HARQ process ID needs to be determined for grant-free transmission. HARQ process ID can be pre-configured for grant-free transmission, determined by time index, or indicated during the UL transmission without grant. Detail of procedure to support multiple HARQ processes may need further investigation, especially considering multiple HARQ processes when repetition is configured.

	Intel
	First, it should be clarified whether scheduling of grant-based retransmission is still accounted as a grant-free HARQ process. In our view, this case can be treated as generation of a grant-based HARQ process, therefore should not be counted as a grant-free HARQ process. The grant-free HARQ process may be counted only for initial transmission and its grant-free repetitions and retransmissions.
Considering URLLC use cases that require high reliability and low latency, the necessity and the benefits from support of multiple HARQ processes is not clear. Even with segmentation in mind, to meet latency requirements, it is expected that grant-free retransmissions may occur with minimal delays, i.e., at consecutive available transmission opportunities. Once a TB is either successfully received or the TB switched to grant-based retransmissions, the HPN for the grant-free transmissions can be freed-up and reused for possible other TBs. 
Multiple HARQ processes for grant-free UL transmissions can be useful mainly if different resource configurations are provided (and activated) for a UE, with transmission opportunities interlaced in time-domain. However, for UL transmissions targeting low latency, the need for running such concurrent processes may need further consideration. Perhaps inputs from RAN2 may be desirable in this regard.
In summary, a single HARQ process per resource configuration should be considered as the starting point for grant-free transmissions.
Use of the NDI field in the UL indicating switching from grant-free to grant-based retransmission can follow LTE SPS-like behaviour, i.e., using NDI = 1.

	Sharp
	For flexibility, more than one HARQ processes should be supported for UL data transmission without UL grant. 
For slot-based UL transmission without grant, the HARQ process ID is determined by the slot index. For mini-slot-based UL transmission without grant, if a UE supports only one mini-slot transmission in a slot, the HARQ process ID is determined by the slot index; if a UE supports multiple mini-slot transmissions in a slot, the HARQ process ID may be determined by the slot index and the mini-slot position.
The NDI handling can be similar to LTE SPS.

	InterDigital
	It is necessary to support more than one HARQ process for UL transmission without grant.
The HARQ process number can be determined based on the time-frequency resource.
The NDI field will not be toggled to indicate the retransmission of UL grant which has been initiated by a UL transmission without grant.   

	Lenovo, Motorola Mobility
	We are open to discuss about more than one HARQ process for UL transmission without grant. The maximum number should be determined considering the time domain granularity of the transmission and ACK/NACK feedback latency.
How to map HARQ process number can consider implicit and explicit ways, which needs further discussion.
How to handle NDI bit should be discussed with all the also other field depends on the exact functionality of UL grant we are talking about, which may be activation/deactivation, resource adjustment, switching to UL transmission with grant from without grant, and etc. 

	Nokia, ASB
	More than one HARQ processes for UL grant-free transmission should be considered.
Both implicit and explicit approaches to indicate the HARQ process ID should be further investigated. The handling of NDI bit can be considered together with HARQ process ID.

	III
	We support more HARQ process number than 1, the number relates to URLLC round trip time, and available buffer size.
The mapping of HARQ process number can be implicitly or explicitly determined, need further study for ambiguity avoidance.
NDI field design can follow LTE, i.e., the value depends on the UL grant is for retransmission or not.  

	Panasonic
	In order to decide this, we prefer to conclude HARQ process design of grant based PUSCH. To share HARQ process ID or not can be concluded after grant based PUSCH design.
If multiple HARQ process is supported, HARQ process ID is determined on the resource used for UL transmission without grant. If only single HARQ process, this is not required to be decided. For this release, it may support only one HARQ process.
NDI handling is similar to SPS. It is used for the distinction between "grant for the retransmission" and "activation/deactivation/modification" for grant distinction.

	OPPO
	We do not see necessity of a large number of HARQ processes for grant-free UL transmission, although multi HARQ processes may be necessary. Two options can be considered for HARQ process ID mapping: 
· Opt1: Reserve some HARQ process ID for GF UL transmission (incl. automous multi-Tx);
· Opt2: Sharing HARQ process IDs between GF and GB transmissions.
We think it should be carefully studied considering pros and cons.
In case of Opt2, UE should inform HARQ process ID to gNB e.g. via UCI. In case of Opt1, the HARQ process ID can be linked to configured resource.

	Fujitsu
	Multiple HARQ processes can be considered to fulfill the latency requirement in URLLC. For the mapping of HARQ process number, the HARQ process number can be associated with time frequency resources and/or RS parameters. When scheduling retransmissions, the NDI field may not use toggling.

	Qcom
	# HARQ proc > 1 ; HARQ PID can be identified based on resource; NDI as in LTE (depends on whether grant is for retx or not). PID and NDI should be handled in a unified way for grant based and grant free transmissions.



Q6: If repetition is configured for UL data transmission without UL grant, whether or how UE and/or TB identification mechanism is different from the case repetition is not configured? 
	Company
	View

	LG
	The resource configuration is sufficient to distinguish different UEs transmitting UL data transmissions without UL grant regardless of whether repetition is configured or not. If necessary, the transmission order within repetition bundle could be identified by using different resource configuration. For example, when different RV is applied to slots within a repetition bundle, it is necessary to distinguish which value of RV is used for adequate soft combining for a TB. 

	ZTE
	UE and/or TB identification mechanism can be the same. From our point of view, physical resources for UEs with and without repetition should be seperated. The repetition number K, hopping pattern, and the time reference (can be determined by slot/mini-slot index) of repetition/hopping should be known to both UE and gNB.

	Huawei, HiSilicon
	If repetition is configured, then the HARQ ID identification should base on the initial transmission from a UE as a reference. Moreover, if the repetition packets are to use different RV versions, the initial packet transmission of a UE has to be identified as a reference to figure out RV versions in each repetition/retransmission. 

	NTT DOCOMO
	Regarding the repetition, it is beneficial to discuss how the K repetitions are constructed firstly. Following two alternatives can be considered.
Alt.1 The K repetitions are tied with the configured resources. In this case, the number of real UL grant free transmission is probably less than the K due to the misalignment of traffic arrival and the occurrence of the reserved resource or due to the collision on the reserved UL grant free resource.
Alt.2 The K repetitions are tied with the real transmissions. 
For both Alt.1 and Alt.2, RV can be tied with the reserved resource or tied with the real transmission order.

	Samsung
	Assuming that transmission for a given HARQ process starts at a predetermined slot, no additional support is needed to identify a TB even when repetitions with RV cycling are used.

	CATT
	The resource configuration should be sufficient to distinguish different UEs transmitting on a shared resource. It should not be tied to the repetition pattern especially if early termination is supported.

	MediaTek
	Repetition identification for GF is as well based on resource configuration and UE specific RS parameters.

	NICT
	UE and/or TB identification mechanism can be the same regardless repetition is configured or not.

	Ericsson
	UE or TB identification should be the same regardless of whether repetition is configured or not.

	vivo
	There is no need to adopt different mechanisms of UE identification for UL grant-free configured with repetition or without repetition. 

	Intel
	UE and/or TB identification should be independent of whether repetitions are configured for the grant-free transmissions or not (as part of the grant-free resource configuration). Any RV cycling applies with respect to the first of the set of K repetitions.

	Sharp
	Repetitions of a same TB belong to a same HARQ process. The HARQ process ID may be determined by the initial transmission. For repetitions without grant, the determination of HARQ process ID may take into account the physical resource (e.g., time and frequency index), the number of HARQ processes, and the number of repetitions.

	InterDigital
	UE and/or TB identification can be done by resource configuration, whether or not repetition with RV cycling is configured.

	Lenovo,
Motorola Mobility
	UE and/or TB identification, in our opinion, is a decoupled topic from whether repetition is configured.

	Nokia, ASB
	UE and TB identification mechanisms should be the same regardless of whether repetition is configured or not.

	III
	UE or TB identification is common for both case with/without repetition. The RV should be unambiguous if different RV is applied, considering early termination and possible collision.

	Panasonic
	No specific differentiation is identified.

	OPPO
	So far we see no necessity for different UE/TB identification mechanisms for if repetition or not.

	Fujitsu
	Physical resources and/or RS parameters can be used for UE identification with K repetitions. If time/frequency hopping is used within repetitions, hopping patterns can also be used to facilitate UE identification, and this can be up to implementation. UE identification and HARQ process number determination based on K repetitions should be robust to the case where the base station may miss detect a certain transmission within the repetition bundle.

	Qcom
	UE identification can be based on SR, and HARQ PID can be based on resource; in case of repetitions, it is not clear why TB identification needs be different.



3.2. Channel structure/parameters
Depending on channel structure for UL data transmission without UL grant, resource configuration including time-and-frequency, MCS, and RS parameters could be determined in details as a next step. For simplicity, channel structure of grant-based data transmission can be starting point. However, unlike grant-based data transmission, since gNB may not know which UE will transmit UL data transmission without UL grant, gNB may need to perform blind decoding for potential UL transmission on given resources. To be specific, if different data scrambling sequences are used for different UEs and the number of allocated UEs in given time-and-frequency resources, the number of blind decoding for UL data transmission without UL grant could be large. Alternatively, data scrambling sequence could be resource-specific or group-common. 
Regarding RS parameter, if RS sequence is used to distinguish different UEs and/or TBs for given time-and-frequency resources, it is necessary to be clarified that RS sequence design to be used for UL data transmission without UL grant. As a starting point, it can be considered that ZC sequence is used for UL DMRS as in agreements on UL DMRS for DFT-S-OFDM. In case, RS parameters could include root index, the value of cyclic shift, and/or the length of RS sequence. Considering repetition, at least, it needs to be discussed whether or how to support frequency hopping and/or sequence hopping. 
In those points of views, companies are recommended to provide their views on following questions:
Q7: Whether or how channel structure and/or parameters for UL transmission without grant are different compared to UL transmission with grant?
	Company
	View

	LG
	First of all, as mentioned in Q3, depending on the feasibility of PN-sequence-based UE identification, waveform and/or RS sequence type could be different between UL data transmission with and without UL grant. 
Next, in case of UL data transmission without UL grant, gNB may need to perform blind decoding for possible UL transmission. Considering latency, the number of BD attempts at gNB side needs to be minimized. Alternatively, it can be considered that at least data scrambling for UL data transmission without UL grant is group-common or resource-specific.

	ZTE
	In order to facilitate UE detection and HARQ combining, front-loaded RS structure should be considered for UL transmission without grant.

	Huawei, HiSilicon
	The channel structure for grant-free transmission shall not be different from that of grant-based case, considering the data generation/processing functions a UE needs to support and standardization effort.
For data scrambler, there seems to be no need to change from UE specific to group specific since gNB can know which sequence for de-scrambler after DMRS detection for UE identification. 
The transmit parameters for grant-free transmission and grant-based re-transmission for the same TB could be different. Also, if L1 signaling is used to modify the transmission parameters configured in RRC for grant-free transmission, it is not necessary for the DCI format to be exact the same as that used in current grant-based transmission. 

	NTT DOCOMO
	UL waveform can be dynamically changed for UL grant based transmission while for UL grant free transmission, it should be configured by RRC and semi-static. 
To facilitate gNB BD, it is beneficial to consider transmit PRACH or SRS or PUCCH together with the data for UL grant free transmission.  

	Samsung
	The channel structure for grant-free transmission should be the same that for grant-based transmission. Except the dynamics on grant-based transmission, no need to differentiate parameters for UL transmission with and without grant.

	CATT
	We don’t see why the basic channel structure should be any different between grant-based and grant-free transmission. Transmission parameters could be different since these could be different use cases. For grant-free, the DMRS sequence could be used both for UE identification and channel estimation

	MediaTek
	UE specific scrambling would be required to randomize interference across repetitions.  In addition to support asymmetric repetitions, the number of repetitions and size of the frequency allocation per repetition bundle need to be included in the parameter configuration [MTK’s R1-1707858].
Blind decoding complexity should be less of a concern if UE specific RS parameters are used for UE identification.

	NICT
	To realize the shared data resource utilization for UL transmission without grant, transmission of the data together with RS can be used.

	Ericsson
	In general the channel structures should be similar to the case of dynamic grant

	vivo
	Same channel structure and parameters are considered for UL transmission with or without grant, even different resources can be used for UL transmission with or without grant.

	Intel
	The channel structure should not be different for grant-free transmissions comparing to grant-based. Constituent parameters can naturally be different depending on configuration.

	InterDigital
	In general, the channel structure should be the same for both grant-free transmission and grant-based transmission, though the parameters could be potentially different

	Lenovo, Motorola Mobility
	To facilitate the UE identification, the outcome of discussion of Q2 should be considered for channel structure/parameters design. In our views, for high detection reliability, the RS or preamble density/overhead can be larger than UL transmission with grant, which should depend on the network configuration.

	Nokia, ASB
	We can consider the same structure for grant-based and grant-free UL transmissions as the starting point. However, we see the following two aspects may result in some differences between the two:
- If DRMS-based UE identification does not provide adequate performance, either the RS structure may be modified or additional signalling would be needed.
- The structure may be different if explicit UL control signalling, e.g. HARQ process ID, NDI, etc, is to be transmitted together with data.

	III
	The channel structure should be the same for both grant-free transmission and grant-based transmission. However, the parameters could be potentially different, considering reliability aspects, SPS-like scheduling and group-common or UE-specific configurations. 
For link adaptation and flexibility, it is beneficial to consider transmit uplink control together with the data for UL grant free transmission.

	Panasonic
	We expect the channel structure is same between grant-free transmission and grant-based transmission. On the other hand, the exact decision should be carried out after grant-based transmission channel structure is finalized.

	OPPO
	In this phase, no need to introduce a new channel structure for GF UL transmission. PUSCH structure only depends on the transmission duration. For a specific transmission duration, a single channel structure is used for PUSCH regardless use cases or GB/GF.
If a much larger number of simultaneous UEs need to be supported in future, some enhanced structures can be considered.

	Fujitsu
	Generally the channel structure should be kept similar between grant-free and grant-based transmission. RS configurations for grant-free could be different from grant-based transmission in order to alleviate UE collisions when the number of UEs sharing the same physical resources is larger than the number of orthogonal RS. 

	Qcom
	Same channel structure. Start with finalizing GB channel, based on which GF channel and parameters are FFS.



Q8: During the repetition if configured, whether or how channel structure and/or parameters for UL transmission without grant can be changed?
	Company
	View

	LG
	Considering frequency diversity, resource hopping within a repetition bundle could be considered to be supported. When hopping pattern is common for multiple UEs transmitting UL data transmission without UL grant, all the data parts within a repetition bundle could be successively collided between different UEs. Alternatively, hopping pattern of resources could be UE-specifically configured. 
Regarding the other parameters such as MCS, we do not see any strong reason to change channel structure and/or parameters during the repetition. 

	ZTE
	The channel structure should not change during the autonomous repetition.
Specific parameters can be different according to the hopping design:
1. UE-specific frequency hopping pattern should be considered. 
1. Frequency hopping and RS parameter can be designed together to minimize the hard-collision probability.
No MCS or power adjustment is assumed during the autonomous repetition.

	Huawei, HiSilicon
	In our view there is no need to change the channel structure during repetitions for grant-free transmissions. If resource hopping is to be configured for repetitions, specification of hopping patterns in the configuration is enough.

	NTT DOCOMO
	It is beneficial to apply the diversity to further increase the reliability during the repetition. For example, diversity in frequency domain, space domain etc. In addition, power ramping can also be considered.  

	Samsung
	Channel and/or parameter (e.g. MCS, power) for UL transmission should be same during repetitions.

	CATT
	Agree that frequency hopping can be configured but other parameters do not change during repetitions.

	MediaTek
	As shown in [Huawei R1-1706919] GF stopping on ACK gives the highest system capacity vs GF2GB and GB alone. Therefore grouping repetitions in ACK bundles makes sense from system capacity. Furthermore, asymmetric repetitions [MTK’s R1-1707858] gives further performance gain hence different amount of repetitions per bundle should be supported and the bundles should be linked to the ACK occasions.
Keeping the MCS constant across repetition allow to coherently combine different repetitions before demodulation and reduce decoding complexity.
Using asymmetric repetitions across bundles can capture frequency diversity and removes the need for frequency hopping.

	NICT
	Channel structure and/or parameters for UL transmission should not be changed except for frequency hopping.

	Ericsson
	Channel structure and all parameters can be the same during repetition. If frequency hopping is applied it can be applied for both with and without repetition.

	vivo
	Hopping for repetition can be considered, while other parameters e.g. MCS should be the same during repetition

	Intel
	It is natural to enable frequency hopping and DM-RS sequence hopping between grant-free repetitions. To reduce collision between multiple UEs and inter-cell interference, it is more appropriate to consider frequency hopping and sequence hopping pattern in a cell-specific and UE-specific manner. The redundancy version cycling is also beneficial to achieve better performance, however some additional considerations how to identify RV during reception are needed. A simple way is to associate RV cycling pattern with respect to the first of the set of K repetitions.

	Sharp
	Resource hopping should be supported for repetitions to better utilize the diversity. Hopping pattern can be UE-specific. Different MCS, RV among repetitions may be supported.

	InterDigital
	There is no justification to change the channel structure during repetition in case of UL transmission without grant.
Some parameters, however, such as frequency hopping, sequence hopping, and transmit power may vary.

	Lenovo, Motorola Mobility
	Channel structure of UL transmission without grant should keep same within all the repetitions if configured, since we currently do not see any use case and reason to change.
For some parameters used by frequency hopping, scrambling or else, we are open to discuss.

	Nokia, ASB
	Channel structure should be the same regardless of repetitions. Frequency hopping should be considered.

	ETRI
	UE-specific RNTI based frequency hopping pattern should be considered within K repetition transmissions. We think that the size of time-frequency resources for K repetitions should be equal and each RV should be self-decodable.
Also hopping pattern should be based on either “UE procedure for determining subframes and resource blocks for transmitting PSCCH for sidelink transmission mode 1 (TS 36.213 Section 14.2.1.1)” or “LTE search space determination by substituting aggregation level with K”.

	III
	UE-specific frequency hopping pattern should be considered. Some resource relevant changes such as MCS can be supported if such information are shared between UE and gNB. 

	Panasonic
	For grant based transmission with multiple slot transmission (slot aggregation), we envisage hopping is supported. The same mechanism can be applied to grant-free transmission. We need to conclude grant based case multiple slots transmission at first for the decision whether difference or not.

	OPPO
	No need for a new channel structure for repetition. Frequency/space domain resource may be changed across repetitions to achieve diversity. Different RVs, MCSs, power levels for repetition can be considered. 

	Fujitsu
	At least frequency/time hopping can be considered for repetitions. The hopping should be designed with robustness such that the base station will not misunderstand the repetition bundle even if a certain transmission within the bundle is missed.

	Qcom
	Freq hopping, etc. it could also be based on the grant received in the middle of repetition or follow some predetermined patterns.



3.3. Potentially necessary procedures for UL data transmission without UL grant
In case of UL data transmission with UL grant, UL Tx power could be adjusted by TPC field which is included in the corresponding UL grant. Furthermore, UL synchronization could be updated by using TA command which is a form of MAC message. Furthermore, to decide adequate values of TPC and/or TA command, gNB may need to detect reference signal (e.g. SRS or DMRS) from UE transmitting UL data transmission without UL grant. In that point of view, companies are recommended to provide their views on following questions: 
Q9: How to perform power control for UL transmission without grant?
	Company
	View

	LG
	For simplicity, it can be considered to support TPC commands in group-common DCI like DCI format 3/3A in LTE system. Meanwhile, considering URLLC application whose packet will arrive sporadically, dynamic power control for UL data transmission without UL grant would not be always possible considering overhead of PDCCH and UL reference resource for power control. Alternatively, the concept of power ramping could be supported for UL data transmission without UL grant. For instance, UE can increase UL Tx power of UL data transmission without UL grant until UE receives UL grant from gNB. 

	ZTE
	Open loop power control should be assumed for initial UL transmission without grant. Investigate the necessity for close-loop power control, in terms of overhead and reliability.

	Huawei, HiSilicon
	Power ramping may need further investigation as interference may be increased such that negative impact can be expected on the reliability performance of other UEs.

	NTT DOCOMO
	For initial transmission without UL grant, the transmission power can be set based on higher layer configuration and open-loop power-control. Then, it is beneficial that the PHR (+BSR) can be transmitted together with the data to help gNB know about the UE’s PSD, then the following UL transmission should be based on UL grant and UL transmission power can be adjusted by UL grant (i.e., closed-loop power-control). If the power for initial transmission without UL grant needs to adjust, two ways can be considered. One way is to use L1 signalling to modify the power control parameters and it is reasonable the L1 signalling is UE specific; The other way is to use group common PDCCH like DCI format 3/3A in LTE.

	Samsung
	In addition to open loop power control, power control based on 3/3A can be considered. In this case, same 3/3A is applicable for grant-free and grant-based transmissions for a given service.

	CATT
	Open loop power control can be a starting point. Group power control commands can be considered. At this point we do not see why power ramping is a good idea.

	MediaTek
	With asymmetric repetitions, allocation size increase can already implement a power ramp and also benefits from frequency diversity compared to a pure power ramp
Power control is set semi-statically for open loop and the most recent GB uplink power can be re-used for GF. DCI3/3A reuse can be an option based on gNB measurements made on UL reference signal used for TA adjustment (See Q10).

	NICT
	Open loop power control is preferable for the UL data transmission without grant.

	Ericsson
	Open loop should be supported. Further adjustments on the top of open loop power control can be investigated. 

	vivo
	Open loop power control should be baseline for UL transmission without grant. Considering the requirement of service, transmission power adjustment can be considered, e.g. based on open loop power control, or closed-loop power control through DCI 3/3A. 

	Intel
	Open loop power control should be a baseline. Closed loop power control can be enabled through DCI scheduling retransmission.
The benefits and necessity of a separate group-TPC-based mechanism are unclear. Any adjustments to power control parameters, if deemed beneficial, can be achieved as part of modification of resource configuration.

	InterDigital
	The initial transmission of the UL transmission without grant can be done with open loop power control.  The UE should be also configurable to do power ramping during repetition.  Once, if necessary, the UL transmission without grant is switched to grant-based transmission, then closed loop power control could be applied.      

	Lenovo, Motorola Mobility
	Considering the high reliability requirement, UE specific open loop power control should be assumed as a baseline. Close loop adjustment can be supported when the UL transmission without grant is switched to grant-based transmission.

	Nokia, ASB
	The very initial transmission of the UL grant-free transmissions should be based on open-loop power control, where the open-loop power control parameters are semi-statically configured per UE. Closed-loop power control (either group TPC-based or L1 signaling to modify the parameters) can be considered further. 

	III
	Considering low latency and overhead, open loop power control can be considered for UL transmission without grant. In addition, incremental power ramping could be supported during grant-free transmission.

	Panasonic
	Grant based transmission would have open loop power control and DCI 3/3A based power control. Parameters can be differentiated. The exact decision would be after grant-based transmission scheme is decided.

	OPPO
	Open-loop power control is baseline. Close-loop PC is potentially beneficial in some use cases.

	Fujitsu
	Open loop power control can be considered for initial UL transmission without grant. If close-loop power control is proved to be necessary, similar mechanisms as grant-based transmission can be reused.

	Qcom
	Open-loop is baseline. However, to achieve URLLC requirement, towards the end of repetition transmission, it should be possible to adjust power control autonomously in order to achieve high reliability



Q10: Whether or how to update TA for UL transmission without grant?
	Company
	View

	LG
	UE can be configured to transmit UL reference resource for timing adjustment periodically or aperiodically. In case, gNB can transmit TA command via PDCCH and PDSCH.
Similarly, dynamic timing adjustment for UL data transmission without UL grant would not be always possible considering overhead of PDCCH/PDSCH and UL reference resource for TA management. In case, preamble sequence which is robust for timing inaccuracy can be transmitted together with UL data transmission without UL grant.

	ZTE
	Regarding the timing offset drifting, we think this can be an implementation issue similar as LTE. TA can be estimated and tracked based on the decoded RS/data during the UL transmission. gNB can decide whether it is necessary to update TA. If there is no data transmission for a long time, either periodic or aperiodic SRS can be configured for TA measurement.

	Huawei, HiSilicon
	Considering extended CP can be used for URLLC, UL sync shall be able to be maintained in most cases; otherwise LTE-based RACH procedure and TA adjustment shall be performed to ensure access reliability and timing alignment between UE and gNB. 

	NTT DOCOMO
	From our point of view, it is straightforward to assume that the UL grant-free transmission is enabled only when the UE has valid uplink sync. Then gNB can utilize any UL transmission to estimate the timing difference. For example, gNB can track the UL timing by periodic SRS transmission, HARQ-ACK and/or periodic CSI transmission on PUCCH. Besides, gNB can trigger aperiodic SRS transmission by DL assignment. 

	Samsung
	No need to special handling on TA update for UL data transmission without UL grant. When needed, the same procedure as for UL data transmission with UL grant can apply.

	CATT
	Agree with ZTE that SRS can be used for TA update if necessary

	MediaTek
	When using URLLC service, a UE could send periodic ref signals for TA adjustments

	NICT
	gNB can calculate timing offset by using SRS periodically or aperiodically sent from UE and gNB sends the TA adjustment command to the UE.

	Ericsson
	No special handling for TA adjustment for UL transmission without grant is needed and TA adjustment similar to LTE can be used.

	vivo
	TA update may not be necessary for the case of synchronous UL transmission without grant. If needed, gNB can use SRS or CSI report to track the UL timing and same procedures of TA adjustment for UL transmission with grant can be considered. For the case of asynchronous transmission, more study is needed.

	Intel
	Since UL grant-free transmissions are supported only in connected mode, the scenario is similar to grant-based mechanisms, wherein typically the UE with URLLC traffic/service is expected to maintain UL synchronization, and maintenance of UL synchronization can follow usual connected mode behavior.

	InterDigital
	TA update for UL transmission without grant can have the same procedure as the UL transmission with grant. Based on how frequent the UL data transmission happens, periodic or aperiodic SRS can be used as a regular signal to measure upon for TA.    

	Lenovo, Motorola Mobility
	Following the usual RRC connected mode procedure and behavior should be the baseline for handling UL synchronization.  

	Nokia, ASB
	We do not see special handling for TA adjustment is needed.

	III
	Same mechanism as grant-based TA update can be a baseline, SRS periodicity may be changed for TA measurement considering low latency and high reliability.

	Panasonic
	Grant free transmission shall not be carried out when TA timer is expired. In order to prevent this, SRS or grant based transmission can be operated by the network implementation.

	OPPO
	From our perspective, TA update procedure is not closely related to whether the data transmission is with grant or not. As long as the gNB can identify the UE sending UL transmission, the normal TA update can be performed. The UL transmission can be RS, GF data or GF data.

	Fujitsu
	Grant-free transmission is used when uplink synchronization has be established. For the maintenance of uplink synchronization, similar procedures in the connected mode can be reused.

	Qcom
	The same procedure in GB/connected-mode as baseline



It has been discussed that HARQ-ACK feedback for UL data transmission can be used to terminate on-going repetition to save UL resources for UL data transmissionwithout UL grant. For HARQ-ACK feedback design, introducing additional channel or utilizing existing DCI design are considered. Companies are recommended to provide their view on following question consideringpotential benefits, and specification works. 
Q11: Whether or how to support HARQ-ACK feedback for UL transmission without grant? If the HARQ-ACK feedback is supported, how to align HARQ-ACK feedback with its associated UL data transmission without UL grant?
	Company
	View

	LG
	Considering control overhead, it is not preferred to always reserve resources for HARQ-ACK feedback like PHICH-like channel. Specifically, when packet arrival rate is small, resource reservation would be inefficient. In case of NACK state, UL grant scheduling retransmission for the same UE and TB can be used. Meanwhile, UL grant scheduling new data for the same UE can be used to indicate ACK. If UL skipping can be applied to UL data transmission with UL grant, UE does not need to transmit UL channel if it does not UL data to be transmitted. In case, HARQ-ACK feedback can be mapped with its associated UL data transmission without UL grant in a similar manner of the mapping rule between UL data transmission without and with UL grant.

	ZTE
	Either LTE PHICH-like channel or a sequence based signal can be considered for the HARQ-ACK feedback. Common DCI can be considered for ACK/NACK feedback, while UE-specific DCI can be considered for NACK feedback together with UL grant for retransmission.
If there is no NACK feedback configured, UE may follow a pre-configured pattern for the retransmissions.

	Huawei, HiSilicon
	At least a group common DCI can be used for this case. The group common DCI can employ a bitmap format to support ACK of multiple UEs with minimum overhead. This has advantage in terms of overheadand efficiency over the case of using UE specific UL grant for ACK feedback.

	NTT DOCOMO
	Basically, share the same views as LG. 

	Samsung
	It is not clear that indicating ACK for early termination is beneficial for URLLC. If HARQ-ACK feedback is supported,a group common DCI can be considered.

	CATT
	A group-common DCI could be considered for early termination when repetitions are configured.

	MediaTek
	GF stopping on ACK gives the highest system capacity vs GF2GB and GB alone [Huawei’s R1-1706919]. We therefore think that HARQ-ACK feedback should be supported. Semi static time resource alignment between TB and corresponding HARQ-ACK can be used, alternatively if PDCCH is used for ACK transmission the mapping information to the HARQ process can be included in the DCI.

	NICT
	ACK/NACK feedback can be done with common DCI. 

	Ericsson
	UE keeps the data in the buffer and assumes a NACK after a timer expires and nothing is received.
HARQ ACK feedback can be sent in PDCCH. 
Retransmission is associated with a certain transmission by using HARQ process ID

	vivo
	At least HARQ ACK and NACK can be indicated by UE-specific DCI. Common DCI can be also considered.

	Intel
	We prefer not to introduce a new physical channel to carry HARQ-ACK feedback.
Among the existing channels, use of DCI for the purpose of HARQ-ACK feedback may be beneficial to enable early termination.

	Sharp
	HARQ-ACK feedback can be supported for UL transmission without grant. For the case of repetitions, it is not necessary for UE to monitor HARQ-ACK feedback for each repetition.

	InterDigital
	A group common DCI could be used for HARQ-ACK feedback. In terms of overhead, group common DCI would be more efficient than UE-specific PHICH-like channel.

	Lenovo, Motorola Mobility
	In general, HARQ-ACK feedback for UL transmission without grant should be supported. A common DCI is used for indicating the feedback of ACK corresponding to an UL transmission without grant.

	Nokia, ASB
	We prefer to use PDCCH instead of a different channel to carry HARQ-ACK feedback, and UE-specific DCI can be considered.
In terms of how to associate the HARQ-ACK feedback with a UL grant-free transmission, it is related to how HARQ process ID is identified. For example, if implicit identification based on timing is used, same mechanism can be used for HARQ-ACK feedback. If explicit signaling is used, there can be more options for HARQ-ACK feedback timing.

	III
	HARQ-ACK feedback is supported and sent via group common DCI, UE assumes NACK until ACK is received.

	Panasonic
	Not to introduce a new physical channel to carry HARQ-ACK feedback.
UE specific DCI can be at least supported.

	OPPO
	This highly depends on the traffic model of GF services. If it is sporadic, it is a good choice to send HARQ-ACK in DCI. But in case of a considerable traffic load, PHICH-like channel may be an attractive option.

	Fujitsu
	HARQ-ACK can be indicated at least by UL grant. If a UE does not receive HARQ-ACK after performing a grant-free transmission, the UE will repeat the previous transmission.

	Qcom
	DCI-based or PHICH like HARQ-ACK



Moreover, companies are recommended to provide other necessary procedure to support UL data transmission without UL grant as follows:
Q12: Other procedure to be used for UL transmission without grant.
	Company
	View

	
	

	
	

	
	

	
	



3.4. SPS UL transmission and UL data transmissionwithout UL grant
It has been discussed whether SPS and grant-free transmission should be differentiated. Please share your views on this matter. 
Q13: Whether or how SPS UL transmission and UL data transmission without grant is distinguished?
	Company
	View

	LG
	It is up to RAN2 discussion. If UL skipping is supported for SPS UL transmission, it would be desirable that common design between SPS UL transmission and UL data transmission without grant. 

	ZTE
	A common procedure is desirable for SPS and grant-free transmission. There might be some differences on the channel structure, e.g. if front-loaded RS is supported for UL URLLC transmission without grant. The other impacts on higher layer is up to RAN2 discussion. 

	Huawei, HiSilicon
	As per the agreements, RAN1 is still discussing the difference between grant-free and SPS. We think there are some technical points that need to be considered for grant-free transmissions that are different from traditional SPS. One example is that, in grant-free transmissions with RRC pre-configured resources, multiple sets of time, frequency, RS resources corresponding to different transmission parameters such as MCS/TBS may need to be configured within one signalling to accommodate different scenarios (e.g., different traffic conditions in eMBB and URLLC, different TBS/MCS, near/far scenarios, etc.). The corresponding UE behavior needs to be defined accordingly.Also from RAN2 perspective, a standalone signalling may be less standard efforts for grant-free transmission considering the newly introduced parameters.

	NTT DOCOMO
	In LTE, the main motivation for Rel.8 SPS is to reduce the DL overhead for periodic small traffic like VoIP, hence the minimum periodicity for Rel.8 SPS is 10 subframes and it is not allowed to skip UL transmission even if there is no related traffic in its buffer.
In LTE Rel.14, the UL SPS mechanism is enhanced to support shorter periodicity like 1 subframe and skipping the UL transmission is allowed if there is no related data in the buffer. However, the motivation for such enhancements is to reduce the latency.
Therefore, it makes sense to support following in NR system:
· NR supports semi-static resource configuration mechanisms.
· With longer-periodicity together with implicit resource release and without UL transmission skipping, the semi-static resource allocation works as UL SPS.
· With shorter-periodicity together with UL transmission skipping and without implicit resource release, the semi-static resource allocation works as UL grant-free.

	Samsung
	It would be beneficial to have a single framework for both grant-free and SPS transmissions including activation/deactivation framework. Details are up to RAN2 discussion.

	CATT
	Given the RAN1 agreement on grant-free transmission based on RRC configuration or based on RR configuration plus L1 signaling, any further discussion on service differentiation can be discussed in RAN2.

	MediaTek
	Whether to distinguish between SPS and GF UL transmission from the configuration level will depend on the details of the agreed scheme. Therefore such a distinction should be delayed till the details are agreed. 

	NICT
	Based on the agreement, difference of UL transmission without grant from UL SPS is that, in UL transmission without grant, L1 signalling can modify parameters for UL data transmission without UL. Details are up to RAN 2 discussions.

	Ericsson
	RAN2 can decide the terminology to use

	vivo
	It is up to RAN2 discussion.
UL grant-free can share the same framework of UL SPS. However, it is not necessary to restrict grant-free to be the same configuration as UL SPS.

	Intel
	Grant-free UL transmissions that do not require Layer 1 activation/deactivation are already different from UL SPS (assuming LTE UL SPS-like design). 
On the other hand, grant-free UL transmissions with Layer 1 activation/deactivation/modification may be similar to UL SPS, with possible difference from LTE UL SPS in terms of exact parameter choices (allowing a UE to skip transmission in case of empty UL data buffer is now considered in LTE UL SPS as well). 
Any further differentiation can be expected to be clear with further progress on the Stage 2 and Stage 3 details for each of the features. 
RAN2 can decide whether any further distinction is required.

	Sharp
	It is up to RAN2 discussion.

	InterDigital
	An LS has been already sent to RAN2 and they could decide whether or not there is a need to distinguish between UL SPS and UL transmission without grant. We also believe a common design which brings together UL SPS and UL transmission without grant, possibly with some minor differences, would be desirable.  

	Lenovo, Motorola Mobility
	In terms of the procedure, we do see difference between SPS and UL transmission without grant, e.g. L1 signaling for resource adjustment/modification. The details are still subject to further discussion. Other potential differences could be channel structure and parameters configuration.
In terms of the RRC signaling design, it is up to RAN2 to accommodate as long as all the agreed features are effectively supported.

	Nokia, ASB
	A common framework would be desirable. We also agree that this can be left to RAN2 to decide.

	III
	Choose between SPS UL transmission and UL data transmission without grant is use case dependent, it is necessary to distinguish it and up to RAN2 to determine how to do it.  

	Panasonic
	The framework between SPS and grant-free based transmission is same. On the other hand, the necessary differentiation from SPS should be taken as the need based. 
As described in previous contribution R1-1708116, we see at least following are different.
- In SPS, the periodicity of the DL control reception is same with the periodicity of transmission candidate resource. In grant-free, the periodicity of the DL control reception should be independent from the periodicity of transmission candidate resource.
- In SPS reactivation, only frequency resource can be modified. In grant free, both time and frequency resource needs to be allowed to be modified.

	OPPO
	This depends on whether we extend the definition of “SPS”. Opt1 is to extend SPS to a wider concept, and then to regard UL GF as a type of SPS. Opt2 is to keep the traditional SPS definition, and to define UL GF as a semi-static resource configuration based UL transmission without activation/deactivation.

	Fujitsu
	Generally a common framework for SPS and grant-free transmission would be desirable. The detailed terminology and signaling are up to RAN2 discussion.

	Qcom
	UL GF and SPS are essentially under the same framework (SPS is one form of grant free). Left to RAN2 to decide details to distinguish between the two.



3.5. Other issue
In this subsection, companies are recommended to provide other remaining issues to support UL data transmission without UL grant. 
Q14: Other issues need to be discussed for UL data transmission without UL grant.
	Company
	View

	
	

	
	

	
	

	
	



4. Summary
In this contribution, companies provided their views on remaining issues for UL data transmission without UL grant, especially for resource configuration, UE identification, physical channel structure and related procedures. Companies’ views are summarized as follows:
Q1: If resources for UL data transmission without grant are configured for a UE, can the UE skip UL transmission depending on UL buffer status? If not, what is the expected UE behaviour?
· It is common understanding that it is not mandated that UE always transmit UL transmission on configured resources for UL transmission without grant. 

Q2: Is the resource configuration including time and frequency resources, MCS, RS parameters sufficient to distinguish different UEs transmitting UL data transmissions without UL grant? If not, what is the reason and how to distinguish different UEs?
· Majority companies observed that UE identification based on the configured RS and time-frequency resources seems sufficient and there is no special handling necessary for collision case where multiple UEs are configured with the same time-and-frequency resources and RS parameters. 

Q3: If UE identification mechanism uses RS sequence/configuration, what kind of RS sequence and/or configuration is used for UL data transmission without UL grant? Which UL waveform is used for UL data transmission without UL grant, and then how to perform UE identification mechanism?
· Majority companies proposed that UL transmission without grant is supported for both DFT-S-OFDM and CP-OFDM. Companies have different views on RS sequence design for UL transmission without grant with CP-OFDM. 

Q4: Whether the design of UL grant for retransmission is same regardless of corresponding initial UL transmission occurs with or without UL grant. If it is not same, please identify different aspects of UL grant corresponding to UL transmission without grant. 
· Majority companies proposed that the design of UL grant for retransmission is common for initial UL transmission with and without UL grant. Few companies mentioned that different DCI design may be considered for such as L1 signaling for activation/deactivation/modification and group-ACK transmission. 

Q5:How to distinguish different TBs transmitting UL data transmissions without UL grant? To be specific, 
· How many HARQ processes are supported for UL transmission without grant 
· How to map HARQ process number UL data transmission without UL grant?
· How to handle NDI field in UL grant?
· Majority companies proposed that more than 1 HARQ processes can be supported for UL transmission without grant. In case, HARQ process number can be identified by resource used for UL transmission without grant. Most companies consider that time-domain resource can be used to identify HARQ process number while few companies consider that frequency-domain resource or RS parameter can be used to identify HARQ process number. Moreover, few companies proposed that HARQ process number can be sent explicitly. Meanwhile, few companies proposed to support a single HARQ process per resource configuration. 
· In case of NDI setting, majority companies proposed to reuse NDI handling used in LTE SPS. 

Q6: If repetition is configured for UL data transmission without UL grant, whether or how UE and/or TB identification mechanism is different from the case repetition is not configured? 
· Majority companies consider that UE or TB identification should be the same regardless of whether repetition is configured or not. Considering repetition with different RV, some companies mentioned that starting of UL repetition needs to be identified. 

Q7: Whether or how channel structure and/or parameters for UL transmission without grant are different compared to UL transmission with grant?
· Majority companies consider that there is no need to differentiate the channel structure for UL transmission with and without grant. Meanwhile, channel parameters could be different. 

Q8: During the repetition if configured, whether or how channel structure and/or parameters for UL transmission without grant can be changed?
· Majority companies proposed to support resource hopping during repetition while MCS and/or UL transmit power are not changed. Some companies proposed that power ramping can be considered. 

Q9: How to perform power control for UL transmission without grant?
· Majority companies assumed that open-loop power control is baseline for UL transmission without grant. 
· Regarding the possible closed-loop power control for UL transmission without grant, most companies consider to support group-TPC commands like DCI format 3/3A in LTE. Four companies proposed to support power ramping, and two companies proposed that TPC may be sent in L1 signaling for modification of parameters for UL data transmission without UL grant. 

Q10: Whether or how to update TA for UL transmission without grant?
· Majority companies assumed that there is no need to have special handling for UL asynchronous case for UL transmission without grant. In other words, it is baseline that synchronous UL transmission without grant. 

Q11: Whether or how to support HARQ-ACK feedback for UL transmission without grant? If the HARQ-ACK feedback is supported, how to align HARQ-ACK feedback with its associated UL data transmission without UL grant?
· There is no majority view on how to support ACK feedback. Some companies considered that UE-specific DCI is enough to indicate ACK feedback for UL transmission without grant. On the other hand, other companies considered that group-common DCI is used to transmit HARQ-ACK feedback for UL transmission without grant. Some companies mentioned no need of explicit ACK feedbacks.

Q13: Whether or how SPS UL transmission and UL data transmission without grant is distinguished?
· A number of companies considered that it is premature to decide whether or not to differentiate SPS UL transmission and UL data transmission without grant. Meanwhile, some companies have views on that a single framework for both NR SPS transmission and UL transmission without grant can be considered. 

Based on the companies’ view, it can be considered to make progress on UL transmission without grant with following possible agreements:
Possible agreements (1)
· Time and frequency resource are configured in a UE-specific manner.
· Network may configure the same time/frequency resource and RS parameters to multiple UEs where collision handling is up to network implementation. 
· No specification work is expected to address the collision among different UEs sharing the same time/frequency and DM-RS resource.
Possible agreements (2)
· Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· FFS: DMRS design can be progressed without consideration of UL transmission without grant.
Possible agreements (3)
· NR supports more than 1 HARQ process for UL transmission without grant. 
· HARQ process ID can be identified by resource used for UL transmission without grant. 
· FFS: details on resources (e.g. time and/or frequency resources and/or RS parameters) for HARQ process ID identification for both transmission with and without repetition.
· [bookmark: _GoBack]If NDI is used in UL grant, NDI value of retransmission grant for initial transmission without grant is set to fixed value (e.g. 1).
Possible working assumption (4)
· The same PUSCH structure (including at least DMRS position, channel coding, data scrambling) is used for both UL transmission with and without grant. 
· Parameter setting between UL transmission with and without grant can be independently configured and/or indicated.
Possible agreements (5)
· Frequency hopping can be supported for UL repetition with and without grant. 
· Frequency hopping pattern can be configured in parameters of UL transmission without grant. 
Possible agreements (6)
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to both UL transmission with and without grant. 
Possible agreements (7)
· For UL transmission without grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· FFS: Group-TPC command is supported.
Possible agreements (8)
· A UE shall not transmit anything on configured resources for UL transmission without grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without grant.
Possible agreements (9)
· The same DCI structure (including at least DMRS position, channel coding, data scrambling, CRC masking) is used for retransmission grant for both initial UL transmission with and without UL grant.
· The same DCI size is used for retransmission grant for both initial UL transmission with and without UL grant.
Possible agreements (10)
· UE/TB identification of no repetition case is a starting point for UE/TB identification of repetition case.
· FFS HARQ process ID determination in repetition case
Possible agreements (11)
· Time interval between grant-free resources can be same as mini-slot.
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