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Introduction
In this contribution, we share our views on different issues of UL grant-free (GF) transmission. More specifically, we discuss UE identification and HARQ process. It was agreed in RAN1#90 [1] that at least when an UL grant is used for retransmissions of Type 1 UL transmission without UL grant, different RNTI from the RNTI for UL transmission with grant is needed. It is FFS how to determine the RNTI. Hence, we also propose a method to determine RNTI for GF transmission.
In addition, the FFS item relating to multiple resources configuration is still left open since RAN1-NR#2. In this contribution, we further discuss the necessity/use cases and configuration of multiple resources for UL transmission without grant.
	 
Discussion

UE Identification
It was agreed in RAN1 NR Ad Hoc #2 [2] that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). However, gNB may not be able to identify the exact UE if multiple UEs share the same RS sequence/resource(s). Hence, we propose an explicit UE identification method wherein we mask the CRC of the data transmitted in PUSCH with the UE ID (for example C-RNTI). The gNB will perform CRC check using the UE IDs of all the UEs configured to share the same resource(s) until the CRC check is passed to identify the correct UE after which an ACK can be sent to the UE. This is also applicable to retransmissions. In the case of normal PUSCH transmission, a UE-specific scrambling code is also applied. Scrambling must be removed before decoding, so if gNB does not know the UE ID it would have to perform decoding multiple times which is not practical. Therefore, we propose to use a special scrambling code in this case (e.g. a pre-configured group-specific or a resource-specific scrambling code).
Proposal 1: UE identification is supported by:
· Masking CRC of the data transmitted in PUSCH with the UE ID and using a special scrambling code for data in PUSCH transmission and/or
· Differentiable DMRS sequences.
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It has been agreed to support K ≥ 1 repetition(s) of GF transmission to increase reliability. However, UE and gNB behavior has not been investigated for repetitions transmission. It is reasonable to assume that resource configuration for repetitions is known to both UE and gNB. Following alternatives can be considered:

Alt A: K is the number of resources configured for repetitions. Only one TB per UE is transmitted within K resources. There are two options to transmit repetitions from a UE:

	Option A-1: Initial GF transmission is restricted to the beginning of K resources. gNB will perform detection and blind decoding of transmission for all the UEs sharing a resource until the end of K resources. Actual number of repetitions used for soft combining at gNB may be less than K due to the possibility of detection failure of any number of repetitions. Since, the UE will have to wait for the opportunities configured for initial transmission, this may introduce extra delay. Whether this delay affects latency requirement or not, depends on the periodicity P of the K resources.

	Option A-2: To avoid extra delay waiting for initial transmission opportunity, end of repetitions can be restricted to the end of K resources. UE can start initial transmission at any time within K resources, however, actual number of repetitions may be less than K. This, combined with possibility of detection failure at the gNB, can affect transmission reliability.  

Alt B: K is the number of repetitions detected at the gNB. Number of repetitions transmitted by a UE may be more than K. The UE can start initial transmission at any time. The gNB will start counting repetitions of a TB from a UE, as soon as it first detects a transmission from that UE. The UE will stop transmitting repetitions when a pre-configured/specified stopping criterion is met. For instance, an UL grant to indicate an ACK or NACK can be used as a stopping criterion or to switch to GB transmission, respectively. Therefore, HARQ feedback must be supported if Alt-B is supported. However if this feedback is missed, UE must not send infinite repetitions of the same TB. The stopping criterion must take into account the reliability and latency requirements of GF transmission. For example a timer can be defined after which UE must adopt its pre-configured behavior. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity. 

Proposal 2: Following alternatives need further discussion for how to define K repetitions:
· Alt A: K is the number of resources configured for repetitions.  Start or end of repetitions may be restricted at the start or end of K resources, respectively.
· Alt B: K is the number of repetitions detected at the gNB. A stopping criterion must be defined for UE taking into account the reliability and latency requirements of GF transmission. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity.

RV Determination

It was agreed in [1] that regarding the RV determination for K repetitions including the initial transmission, further study following options including possible down-selection:
· For Type 1:
· Option 1: Fixed to
· 1-1: a single value
· 1-2: a RV pattern  
· Option 2: RRC configured
· 2-1: a single value
· 2-2: a RV pattern  
· For Type 2:
· Option 1: Same as Type 1
· Option 2: Based on the L1 signalling
If a single RV is used, gNB can use chase combining. However, to perform HARQ IR combining for higher reliability, different RVs must be supported for repetitions of a transmission. RV can cycle, over the fixed/configured RV pattern, based on the logical indexing of resources configured for grant free transmission as shown in Figure 1 for an arbitrary RV pattern with four different values. It must be noted that K resources can be distributed contiguously or non-contiguously in time and/or frequency domain.
Proposal 3: RV cycles, over the fixed/configured RV pattern, based on the logical indexing of resources configured for grant free repetitions.

[image: ]
[bookmark: _Ref491879579]Figure 1 Example of RV determination based on fixed/configured RV pattern

Linkage with GF and GB transmissions to HARQ Processes

When a UE supports both GF and grant-based (GB) HARQ processes in parallel, it is necessary to indicate whether the UL grant is for the HARQ process with GB (re)transmission or GF initial transmission. Moreover, for the GB case, the gNB already knows which UE is going to (re)transmit the data, whereas for the GF case, the gNB may not have yet identified which UE has transmitted the initial GF data as resource sharing among multiple UEs (i.e. time-frequency resources and RS sequence index) is allowed.
Hence to differentiate the HARQ processes for GB and GF transmissions, for the case of GB transmission the DCI should be masked with C-RNTI, while for the case of GF retransmission the DCI can be masked with GF-RNTI.
The GF-RNTI can be made specific to the frequency resources and RS sequence index that a UE has applied to transmit the initial GF data as follows:
 + Offset, 
where   is the UE specific RS sequence index, is the maximum number of frequency-domain resources in the UL bandwidth put aside for grant free transmissions in a cell (cell-specific) and  is the index of the frequency-domain resource used for the recently detected UL GF data transmission.  is an additional offset value to position the GF_RNTI in to an allowable RNTI range, for example to avoid collision with the normal UE ID range.
For the case of GB transmission, a UE follows the scheduling command from the gNB where the HARQ process number is always included in the DCI format. However, for the case of GF transmission, a UE autonomously starts the GF transmission, so, a mechanism to determine the HARQ process number is necessary in order to align between UE and gNB. One way to determine the HARQ process number for GF transmissions is to pre-allocate specific HARQ processes for GF transmissions via RRC configuration (i.e. similar to LTE SPS). For example two HARQ processes with numbers 0, 1 can be pre-allocated for GF transmissions, and the numbers can be derived from even or odd indices of the slots or pre-configured resources within a radio frame as shown in Figure 2. This figure shows some examples of HARQ process mapping to K=4 time and/or frequency domain resources and also demonstrates corresponding RV cycling based on proposal 3. It must be noted that this figure shows logical time and frequency indexing of resources configured for GF transmission. 
It should be noted that this only derives the numbering of the HARQ processes for UL GF transmissions, but, an adaptive asynchronous HARQ mode can still be utilised where gNB can schedule the retransmissions anywhere in the UL system bandwidth (i.e. not necessarily following the pre-configured UL resources for GF transmissions) as well as different slots in time.
Proposal 4: HARQ process number is mapped to indices of resources configured for GF transmission.
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Figure 2 Examples of HARQ Process Mapping to Resources in Time and/or Frequency Domain
In addition, it should be noted that the GB transmissions can utilize all HARQ processes when there is no active UL GF transmissions, and this is assumed to be under the gNB control. However, in case UE needs to use a particular HARQ process number for a GF transmission (because the HARQ process number for GF is determined by the timing of the GF transmission), and that HARQ process is already in use for a GB transmission, then UE should prioritise the HARQ process with GF transmission and abandon the GB HARQ process.  
Proposal 5: The HARQ processes for GB and GF transmissions can be identified based on the RNTI used for masking the DCI.
Proposal 6: A new GF-RNTI should be introduced for UL grant-free retransmissions which can be derived from the frequency-domain resources and RS sequence index.

HARQ Feedback and UE Behaviour
It was agreed in RAN1#90 that if HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received 
· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
· Note: UL grant for the same TB initially transmitted without grant can indicate “NACK”
HARQ feedback must be supported for early termination of GF repetitions or as a trigger for UE to adopt a pre-configured/specific behaviour in order to meet reliability and latency requirements. 
Let us first assume that only “ACK” feedback (implicit/explicit) is supported. If the ACK feedback to terminate repetitions is missed, the UE will keep transmitting the repetitions. This will not affect the reliability of the current TB that has already been decoded by the gNB. The effect of redundant repetitions depends on the resource configuration for repetitions transmission.  If Alt-A proposed in section 2.2 is supported, gNB will discard the redundant repetitions. In this case, these redundant repetitions cause power consumption for UE, waste time-frequency resources and may create interference to other UEs sharing the same resources. If Alt-B is supported and there is a mechanism to indicate end of repetition (EoR) to gNB, gNB will discard redundant repetitions since UE will not send EoR to the gNB. 
The effect of missing the ACK feedback after the K repetitions (Alt-A)/end of timer (Alt-B) depends on the configured UE behaviour at the end of repetitions. There is no effect if the current TB is to be dropped after K repetitions/end of timer. If UE sends SR to switch to grant based transmission or sends another K repetitions to send current TB in the absence of “ACK”, then a missed feedback results in waste of resources transmitting redundant information and this may affect QoE depending on the type of service being supported. There would be less ambiguity at the gNB and UE if both an ACK and NACK is supported at the end of repetitions/EoR. Therefore, to reduce overhead, we propose HARQ feedback as follow:
Proposal 7: Send only ACK feedback within K repetitions for early termination. At the end of repetitions, send an ACK or NACK to acknowledge successful or unsuccessful decoding so that UE can fall back to a pre-configured/specific behaviour without any ambiguity.

Multiple GF resources and configuration
Based on the current agreement, UE can be configured with either a single Type 1 or Type 2 resource for the purpose of UL transmission without any prior UL grant. For such configured resource with a certain resource occurring periodicity, it would need to carrying TBs for all services that requires GF transmission (e.g. delay sensitive services and/or periodic occurring low rate VoIP data to save signalling overhead). In LTE, only a single SPS process is needed for VoIP data and it is configured on a per-UE basis when needed. For NR, however, URLLC traffic in the UL is also expected from the UE in addition to the VoIP. When only a single GF resource is configured and the resource may need be shared with other UEs, high intra-UE and inter-UE transmission collision can be expected to utilise the same resource.
Additionally, when different Tx periodicity, HARQ processes and QoS are considered, it become impractical to multiplex all TBs on a single GF resource. Therefore, it is essential to configure multiple resources for UL transmission without grant for a NR-UE.

Proposal 8: Multiple resources for UL transmission without grant resources can be configured to allow flexibility and appropriate selection of GF resource for UL transmission per UE, and to minimise Tx collision between UEs.

Multiple resources can be configured for a UE to use on a periodic basis. For efficient resource multiplexing, the set of time-frequency resources configured by gNB for a given UE could overlap with one or more other UEs. In case a UE is allocated with only one resource, the UE will have to use the same resource for retransmission when there is no acknowledgement from gNB. However, if there are multiple resources available for one UE to choose, then UE could potentially send first transmission and retransmissions in different resources.  Multiple time-frequency resources could mean a pool of resources (e.g. set of channels where each channel is a group of PRBs) that may periodically appear.  As such, there is a periodically occurring set of resources consisting of one or multiple candidate channels for transmission/retransmission. This may be useful for transmission and retransmission of   latency sensitive data packets.

Proposal 9: Multiple time-frequency resource occurring with a single periodicity could be configured for GF transmission of a UE.
Conclusion
In summary, we propose:
Proposal 1: UE identification is supported by:
· Masking CRC of the data transmitted in PUSCH with the UE ID and using a special scrambling code for data in PUSCH transmission and/or
· Differentiable DMRS sequences.
Proposal 2: Following alternatives need further discussion for how to define K repetitions:
· Alt A: K is the number of resources configured for repetitions.  Start or end of repetitions may be restricted at the start or end of K resources, respectively.
· Alt B: K is the number of repetitions detected at the gNB. A stopping criterion must be defined for UE taking into account the reliability and latency requirements of GF transmission. There must also be a mechanism to indicate end of repetitions (EoR) to gNB to avoid ambiguity.
Proposal 3: RV cycles, over the fixed/configured RV pattern, based on the logical indexing of resources configured for grant free repetitions.
Proposal 4: HARQ process number is mapped to indices of resources configured for GF transmission.
Proposal 5: The HARQ processes for GB and GF transmissions can be identified based on the RNTI used for masking the DCI.
Proposal 6: A new GF-RNTI should be introduced for UL grant-free retransmissions which can be derived from the frequency-domain resources and RS sequence index.
Proposal 7: Send only ACK feedback within K repetitions for early termination. At the end of repetitions, send an ACK or NACK to acknowledge successful or unsuccessful decoding so that UE can fall back to a pre-configured/specific behaviour without any ambiguity.
Proposal 8: Multiple resources for UL transmission without grant resources can be configured to allow flexibility and appropriate selection of GF resource for UL transmission per UE, and to minimise Tx collision between UEs.
Proposal 9: Multiple time-frequency resource occurring with a single periodicity could be configured for GF transmission of a UE.
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