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1 Introduction

In RAN1 #90, the following were agreed for SR transmission.
Agreements:
· It is up to RAN2 how many SR configurations the UE can be configured with.

· In case of SR only, the physical layer can only transmit one SR at any given time

· If multiple SR are triggered prioritization of which SR should be transmitted is decided by RAN2

· Multiplexing of SR and HARQ feedback is supported on short-PUCCH

· Multiplexing of SR and HARQ feedback is supported on long-PUCCH

· An SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms)

· Working assumptions:

· X=1, which implies short-PUCCH could be located at any OFDM symbol of a slot
· FFS: Supported periodicity values

· FFS: Possible limitations due to other factors

· One configured SR can be associated with either short or long PUCCH
In RAN 1 NR adhoc #3, the following agreements on UL transmission were made:

Agreements:
· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)

· FFS BWP related information for frequency domain resource allocation

Agreements:

· For UL transmission with grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
Agreements:

· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3
Agreements:

· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· Aim to have the same solution as in the UL with grant case

Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

This contribution considers aspects of procedures for grant-based and grant-free UL. 
2 UL transmission with grant
2.1 Waveform determination

NR supports both CP-OFDM and DFT-S-OFDM as uplink waveform. Several options were listed for grant based and Type 1/2 grant-free UL transmission, e.g., determined by DCI/UL-specific RRC/follow RMSI for Msg 3/MAC CE. CP-OFDM can provide better spectrum efficiency and have better support for MIMO, while DFT-S-OFDM has lower PAPR and works well in poor channel condition.  Therefore, if it might be more suitable to use DFT-S-OFDM for cell range UE to improve the coverage, which can be also benefit from low PAPR.  In this case, there is no much use for dynamic change of waveform for uplink.  Therefore, RRC signalling is more suitable to indicate uplink waveform. gNB can use UE-specific RRC signalling (Option 2) to change the configuration (if needed) based on the channel status. Before UE receives UL-specific RRC signalling, UE will follows the information by RMSI for Msg 3 (Option 3).

Moreover, in order to reduce the radio link failure, UE can fall back to a more robust mode. For UE configured to use CP-OFDM may benefit to change the UL waveform to DFT-S-OFDM if it needs fall back (Option 1-2-2). However, explicit 1-bit field in UL grant (Option 1-1) seems unnecessary considering the DL overhead and the benefit.  There is another proposal to link waveform to some MCS table. If MCS table and resource allocation are both used to determine a TBS as LTE, it implied that it further limited waveform to a TBS. Although DCI overhead can be reduced, gNB lose some scheduling flexibility.

Proposal 1: UE-specific RRC signaling is used to configure uplink waveform type. 
· Until UL-specific configuration is received, uplink waveform type follows the information by RMSI for Msg 3. 
· The uplink waveform type can be implied by DCI for fall back mode. 

2.2 SR enhancements in NR
In LTE, when a scheduling request (SR) is triggered, a UE transmits the SR to indicate that the UE has new data to transmit. Once an eNB detects the SR, the eNB can schedule UL transmission from the UE. Since the eNB has no information about the amount of data to be transmitted, the eNB typically schedules a PUSCH for Buffer Status Report (BSR) transmission. After receiving the BSR information, the eNB can allocate the PUSCH according to the amount of data in the UE’s buffer. Based on the above SR procedure in LTE, balances the trade-offs between resource allocation efficiency, control overhead, and scheduling delay can be achieved.

In NR, a variety of services (e.g., eMBB and URLLC) will be supported and each service can use different numerology to meet its requirement. Note that a UE may support more than one service simultaneously. Therefore, it is beneficial for a gNB to know the required numerology/TTI type of the requested UL transmission when the gNB receives the SR. 
In this regard, RAN2 provided their view on the SR mechanism in NR as follow

	Agreements

1.
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.

2. 
From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.

3.
RAN2 does not see the need to convey buffer status information.

4. 
Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.


In short, RAN2 agreed that multiple SR configurations can be configured to a UE, which is sufficient to distinguish the “numerology/TTI length” of the logical channel that triggers the SR. Also, RAN2 does not see the need to support multi-bit SR for this purpose.
In RAN1, there was discussion about SR enhancements such as single-bit SR with multiple configurations and multi-bit SR. Comparing the tradeoffs between single-bit SR with multiple configurations and multi-bit SR, utilizing multiple SR configurations may be thought of as requiring more overhead because it requires separate PUCCH resources for each SR periodicity. However, this is not the case in practice at least when the reliability requirements of the different SR types are different. For example, the SR resource for less stringent service (e.g. SR for eMBB) can be allocated with longer periodicity. However, in case of multi-bit SR, it requires a single PUCCH resource but it is associated with at least tri-state detection (when there is a minimum of 2 SR types – positive SR type 1, positive SR type 2, DTX). The detection reliability requirements are set by the SR type requiring the higher reliability and, due to the tri-state detection the required resources for reliable SR transmission will be larger than for two-state detection (positive SR type, DTX).  Also, this larger amount of resources will be required to occur with the shortest periodicity thereby further increasing an already likely large PUCCH overhead and this overhead can be larger than when allocating an additional PUCCH resource with longer periodicity for multiple SR configurations. 
Moreover, tri-state detection requirement can further limit UE coverage for the high reliability service and impact the actual reliability of respective SR transmission. In addition to performance and coverage issues, multi-bit SR will also introduce additional specifications in multiplexing SR with other UCI types, such as HARQ-ACK. It is noted that as it is often likely that a UE will only require a single SR type, specification support for multiple SR configurations will anyway be provided as it is a simple parallelization of the case that a UE has a single SR configuration. In addition, multiple SR configurations provide additional benefit of allowing some networks to configure it while others may fall back on using a single SR per UE. Based on above observations, the single-bit with multiple SR configurations is preferred and details on SR configurations are up to RAN2 decisions.

Proposal 2: NR supports 1-bit SR with multiple configurations.

· SR can be configured with a periodicity of at least equal to duration of PUCCH for SR (e.g. 1 or 2 OFDM symbol)

2.3 Collision between different SR configurations
For SR transmission, a SR resource (i.e. PUCCH time and frequency resource and corresponding PUCCH format) can be semi-statically and UE specifically configured. For a SR configuration with short periodicity (e.g. for URLLC), a short PUCCH format for small payload (e.g. up to 2bits) can be candidate for this SR transmission. Similarly, a long PUCCH format for small payload can also be candidate for other SR transmission. Therefore, it is desirable that both short PUCCH (for latency reduction with low SCS) and long PUCCH (for coverage enhancement with low SCS or for latency reduction with high SCS) can be configured for SR. 
In case for multiple SR configurations, gNB can configure each SR configuration in different time and frequency resource to avoid collision between SR configurations as much as possible. However, there is a case that collisions between different SR configurations cannot be avoided at least in time domain. For example, a UE is configured with multiple SR resources with different periodicity (e.g. Periodicity of SR configuration 1 is a symbol while that of SR configuration 2 is 10ms) the collision cannot be avoided in every 10ms.

In RAN1#90, it was agreed that in case of collision between SR-only, only one SR is transmitted at a given time, and the prioritization of which SR should be transmitted will be decided by RAN2. One example of prioritization would be that the SR with the shortest periodicity (or SR for LCH with higher priority) among the configured SRs is prioritized. Alternatively, the prioritization can be explicit as part of the SR configuration. For the collision, SR resources for different SR configurations can be partially overlapped. In this case, the earlier SR can be prioritized. If the SR is required to be transmitted with HARQ-ACK, HARQ-ACK can be transmitted on the configured SR resource similar to LTE.

Proposal 3: If HARQ-ACK+SR are simultaneously transmitted, HARQ-ACK is transmitted on the configured SR resource.
For URLLC services, the SR transmission should also be highly reliable, such as for example with a miss probability of 0.01% or less for a reasonable false alarm probability (e.g. 1%). Therefore, a mechanism for improving the reliability of SR transmission should also be considered. For example, frequency diversity, and/or repetition, and/or large PRB allocation can be considered. Note that mechanisms for improving the reliability of PUCCH for HARQ-ACK can also apply for SR transmission. 

2.4 SR resource configuration for BWP
In RAN1 NR Ad-hoc #3, it was agreed that in Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell. Based on the agreement, following three cases can be considered for a SR transmission.
· Case 1: A SR configuration for a LCH is provided in one (or part) of configured BWPs

· If SR for a LCH is triggered but SR resource for the LCH is not present in the currently active BWP, following options can be considered

· Option 1: SR for the LCH is not transmitted unless activated
· Option 2: SR for the LCH is transmitted after BWP switching by UE to a BWP with SR resource for the LCH
· Option 3: SR for other LCH (if available) is transmitted in the currently active BWP

· Case 2: All required SR configurations for a UE are provided in all configured BWPs

For Option 1, it is simple but will cause additional latency for UE to request resource for particular services. For Option 2, it may not be feasible to allow UE to switch BWP without gNB command, and also is not aligned with previous agreement made in RAN1#89 that “A UE is only assumed to receive/transmit within active DL/UL bandwidth part(s) using the associated numerology”. For Option 3, it is similar to LTE where the first available SR resource is used to request uplink resource. However, it could be viewed as against the RAN2 agreement that “multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR”. Considering those aspects, it is preferred that all required SR configurations for a UE are provided in all configured BWPs
Proposal 4: All required SR configurations for a UE are provided in all configured BWPs 
3 UL transmission without grant
3.1 Waveform determination

 Similar to uplink waveform determination for UL transmission with grant, several options were listed for grant based and Type 1/2 grant-free UL transmission, e.g., DCI/UL-specific RRC/follow RMSI for Msg 3/MAC CE. For grant free UL transmission, no matter Type 1 or Type 2, the resources are configured for a long time based on more static channel condition. Therefore, waveform type configured by RRC shall be sufficient.  Note that it might use different waveform from grant based transmission. Therefore, waveform type can be configured as a parameter within the RRC configuration for UL grant free for both Type 1 and Type 2.

Proposal 5: Waveform type can be configured as a parameter within the RRC configuration for UL grant free for both Type 1 and Type 2. 
3.2 Resource configuration of UL grant free
During offline discussion for UL grant free. There are two understandings on the definition of “a resource”, where one understanding is that, “a resource” is only for one transmission but the other understanding is that, “a resource” is used for the repetition of a TB. The essence is not how to define “a resource”, but what kind of configuration UL grant free transmission is needed. 

From our understanding, there UL grant free has several use cases. One of the motivations is reduce DL overhead and support UL traffic with periodicity, e.g., VoLTE traffic or some UL periodic report message. For this kind of use case, repetition is needed to improve the performance. Therefore, the resource configuration for UL grant free shall support a set of continuous resource (as for UL TTI bundling) with a periodicity, shown as Figure 1. 

Another important use case is URLLC traffic, which requires sending UL data as soon as possible, and in the meanwhile, the reliability needs to be ensured. In order to reduce the latency, it is better to allow UE find resource at any time. Several methods can achieve the goal. For example, multiple resources/multiple HARQ can be configured to a UE and the resource has different starting offset (shown as Figure 2). Therefore, from UE point of view, it can find a resource once UL data arrives. gNB shall have flexibility to configure any time/frequency resource based on its capability, the requirement of the traffic, as well as the traffic load of the cell. Another solution is that, the within one set of resource, UE allow to start from anywhere. This is an extreme case and can be configured by P = 1. Since repletion K might be larger than 1, the resource for each K repetition might be overlapped, shown as Figure 3. 

In general, from system design point of view, all the reasonable use cases shall be supported. It is better to use one configuration method to support all the scenarios by setting different value for each parameter.   
On the other hand, considering some UL resource may not be able to used (e.g., for TDD, SRS), the valid UL resource for each repetition shall be configured (e.g., by a bitmap or a small periodicity).   

Proposal 6: In resource configuration for UL grant free, the following parameters are provided:
· Resource allocation for one repetition, e.g., number of resource unit
· Periodicity of initial repetition, i.e., fixed starting position for transmission  
· Valid UL resource (FFS by bitmap and/or by an additional periodicity)
During offline discussion, in order to reduce gNB blind detection, there was a proposal to allow UE start to transmit from any resource, but fix the ending position. There is no much gain and if some RV used during the repetition is not self-decodable, it may result in longer latency, especially when the valid resource for each repetition is configured by an additional periodicity. Or when the periodicity of each set of resource is large and channel condition is not that good to be able to decode the transmission of early block, UE has to transmit on the next set of resource after periodicity P.   

[image: image1.emf]Periodicity

 P

K repetition


Figure 1

[image: image2.emf]Periodicity

 P

K repetition K repetition

HARQ process #1

HARQ process #0


Figure 2

[image: image3.emf]Periodicity P

K Repetition


Figure 3
3.3 Support of multiple HARQ processes for UL grant free
In RAN1 #NR-AH2, it was agreed that:
· NR supports more than 1 HARQ process for UL transmission without grant

· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 

It is easier to support more than 1 HARQ process by configuring multiple resources. In that case, each HARQ process has its own time/frequency resources and RS parameter(s). The benefit is that gNB has full flexibility to allocate the time/frequency resources to each HARQ process. Moreover, for Type 2 UL grant free, the HARQ processes can be activated one by one. In LTE V2X, the DCI for SL SPS activation indicates the SL SPS configuration index. A similar solution can be used for NR Type 2 grant free to activate multiple grant free resource. For Type 1, HARQ process ID can also be configured for each grant free configuration. The penalty is more bits in dedicated RRC configuration.  

Observation #1: Support of one HARQ process for each grant free configuration allows full flexibility with more RRC signaling bits. 
Another alternative is that, in each grant free configuration, more than one HARQ processes are supported. Some method needs to be specified for a UE to determine the HARQ process ID. In LTE, different HARQ process use different time/frequency resources. For eMTC, the starting subframe of each SPS resource is used to determine the HARQ process ID. Similar method can also be used for NR grant free.  For example, shown as Figure 3, the location for initial transmission can be used to determine HARQ process ID. Compared with the previous solution, all the parameters, such as TBS/MSC/time-frequency resource/repetition are the same for more than one HARQ process. 

Observation #2: Supporting more than 1 HARQ processes within one grant free configuration needs more specification work and gNB’s scheduling flexibility is limited.  
Both above methods for supporting multiple HARQ processes may have the same overlapping problem for continuous repetition. For example, as in Figure 5, when repetition K is larger than periodicity P, HARQ process #0 may be transmitted on the resource for HARQ process #1. Then, it can be difficult for a gNB to determine the HARQ process ID. However, K repetitions are designed to provide high reliability. Therefore, the error rate after K repetition is expected to be very low and the reliability of DMRS detection to be high. Moreover, initialization of scrambling or RV for the initial transmission can be used to differentiate starting position to reduce the false alarm rate of a successfully decoded TB before all K repetitions.  

Observation #3: After K repetitions, the reception reliability is expected to be high and gNB can determine the HARQ process ID.
Fundamentally, the intention to introduce more than one HARQ processes is to fill in the HARQ RTT time to reduce the latency. The second HARQ process will not be triggered if the previous HARQ process is still transmitting. Therefore, the configuration with overlapped resource between different HARQ processes may not be a good configuration, especially for the case of multiple HARQ processes sharing the same UL grant free configuration case. Therefore, it is easier to have different frequency locations for each HARQ process to achieve the same scope with less specification effort. On the other hand, since gNB has full flexibility to configure multiple UL grant free resources, different HARQ process/UL grant free can share the same time/frequency resource if the gNB is capable to manage it.  

Observation #4: Different frequency resources can be configured for each HARQ process with separated UL grant free configuration.  
Proposal 7: Support more than one UL grant free configurations. In each grant free configuration, only one HARQ process is configured. 

Proposal 8: For Type 2 grant free, HARQ process ID is indicated in DCI for activation and deactivation. 
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Figure 5 Examples of HARQ processes overlapping
3.4 HARQ feedback
Grant based retransmission was agreed for a grant free initial transmission. It was also agreed that: 

· 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

The most straightforward way is to use an UL grant to trigger a retransmission. If UE receives a UL grant for retransmission, UE will retransmit the corresponding HARQ process on the scheduled time/frequency resources. In order to early terminate the existing transmission so that UE can start a new transmission on the same HARQ process early, an “ACK” can be indicated to UE. Three options were agreed to be further studied in RAN 1 #90 meeting.   

For option 1, the UL grant can be used to provide an ACK or NACK.  At least for Type 2 grant free, if a UL grant with toggled NDI is received, a UE can transmit on the scheduled resource for a new UL transmission. The grant free resource for the corresponding HARQ process can be treated as inactive until a new DCI is received for re-activation. This is similar as LTE SPS procedure. However, for Type 1 grant free, since there is no L1 signaling for activation, some further considerations are needed.   In addition, if more UEs are configured to use grant free transmission, DL overhead may be an issue for option 1.  

For option 2, group-common DCI can be used to provide an early termination or trigger a retransmission within or after K repetition. It can reduce DL control overhead, especially when multiple UEs are configured with grant free resource. Compared with option 1, since there is no UL grant in the group-common DCI indicating “ACK”, UE can continue to use the grant free resource for a new transmission after receiving the group-common DCI indicating “ACK”. After K repetitions, UE can expect the same group-common DCI to indicate an ACK or NACK to trigger a retransmission or start a new transmission on the grant free resource. This group common-DCI can provide similar functionality of PHICH channel in LTE. However, it doesn’t need to reserve resource and reach the requirement performance for both miss detection rate and false alarm rate.  Moreover, there is no impact on UE complexity. 

For option 3, a timer is defined after K repetitions and when the timer is expired, UE assume ACK (option 3-1) or NACK (Option 3-2).  However, if UE missed the transmission of the “NACK” (option 3-1) or “ACK” (option 3-2), UE assumes “ACK” or “NACK” after the timer expired. In this case, gNB and UE have misunderstanding on if that TB is successfully decoded.  Especially for option 3-2, if UE retransmit the TB after assuming “NACK”, it will waste of UE power consumption and increase the interference to other UEs so that degrades the capacity of the cell.  

Considering the above analysis of pros/cons of the three options, it is proposed to adopt both option 1 and option 2, where option 1 can be used to switch to grant-based. That is, a UE will keep transmitting repetitions unless the UE receives a UL grant or an “ACK” indicated by a group-common DCI or reaches the configured number of K repetitions. After K repetitions, an indication of “ACK” either by group-common DCI or UL grant with toggled NDI is needed to allow the UE to start a new UL transmission. UL grant can be used to switch to grant-based UL transmission. If the UL grant indicates a new transmission, the UE can start a new transmission based on the UL grant. If the UL grant indicates retransmission, the UE performs the retransmission based on the UL grant. The UE can start a new transmission on the grant-free resource after receiving a DCI for re-activation for type 2 grant-free. For type 1 grant-free without L1 signaling for (re)activation, the UE can continue to use grant-free resource for new transmission after receiving an “ACK” in the UL grant or group-common DCI for the corresponding HARQ process. 

Proposal 9: The UL grant and group-common DCI can be used to provide an ACK or NACK for grant-free UL transmission, where the UL grant can be used to switch to grant-based UL transmission. 

3.5 RV for repetition
RV cycling can provide 1-2dB gain based on the evaluation in channel coding discussion. Therefore, support RV cycling can significantly improve the performance. Considering the use case of high reliability, support RV cycling during repetition is necessary. In addition, with the resource configuration method discussed in section 3.2, gNB knows the possible starting position for each UL transmission. Although gNB might miss the first transmission if overlapping resource is allowed, since RV 3 has very high possibility to be self-decodable, gNB shall not miss the first transmission (RV0) and the last transmission (RV3).  As a result, a RV pattern can be fixed, e.g., {0, 1, 2, 3} can be considered with the first and the last can be self-decodable.  
Proposal 10: Fixed RV pattern is supported from the initial transmission of each K repetition.   
3.6 RNTI for grant free

In order to support UL grant based retransmission for both Type 1 and Type 2 grant free PUSCH, grant-free RNTI that is different from C-RNTI can be used for PUSCH scrambling. Grant-Free-RNTI can be configured by RRC signalling. For Type 1 grant free, Grant-Free-RNTI can be used for switching to grant-based retransmission or new transmission. For Type 2 grant free, Grant-Free-RNTI can also be used to scramble the CRC of the DCI format for activation/deactivation, as well as to switch to grant-based retransmission and new transmission.

Proposal 11: Support Grant-Free-RNTI for both Type 1 and Type 2 grant free PUSCH. The Grant-Free-RNTI is used for PUSCH scrambling, switching to grant-based (re)transmission, and CRC scrambling of L1 signaling for activation/deactivation for Type 2. 
4 Conclusions 

This contribution considers aspects of UL transmission with and without grant and proposes the following based on the discussion.

Proposal 1: UE-specific RRC signaling is used to configure uplink waveform type. 
· Until UL-specific configuration is received, uplink waveform type follows the information by RMSI for Msg 3. 
· The uplink waveform type can be implied by DCI for fall back mode. 

Proposal 2: NR supports 1-bit SR with multiple configurations.

· SR can be configured with a periodicity of at least equal to duration of PUCCH for SR (e.g. 1 or 2 OFDM symbol)

Proposal 3: If HARQ-ACK+SR are simultaneously transmitted, HARQ-ACK is transmitted on the configured SR resource.

Proposal 4: All required SR configurations for a UE are provided in all configured BWPs 
Proposal 5: Waveform type can be configured as a parameter within the RRC configuration for UL grant free for both Type 1 and Type 2. 

Proposal 6: In resource configuration for UL grant free, the following parameters are provided:

· Resource allocation for one repetition, e.g., number of resource unit

· Periodicity of initial repetition, i.e., fixed starting position for transmission  
· Valid UL resource (FFS by bitmap and/or by an additional periodicity)
Proposal 7: Support more than one UL grant free configurations. In each grant free configuration, only one HARQ process is configured. 

Proposal 8: For Type 2 grant free, HARQ process ID is indicated in DCI for activation and deactivation. 

Proposal 9: The UL grant and group-common DCI can be used to provide an ACK or NACK for grant-free UL transmission, where the UL grant can be used to switch to grant-based UL transmission. 

Proposal 10: Fixed RV pattern is supported from the initial transmission of each K repetition.   
Proposal 11: Support Grant-Free-RNTI for both Type 1 and Type 2 grant free PUSCH. The Grant-Free-RNTI is used for PUSCH scrambling, switching to grant-based (re)transmission, and CRC scrambling of L1 signaling for activation/deactivation for Type 2. 
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