Page 1

3GPP TSG-RAN WG1 Meeting #97    	R1-1907286
May 13th – 17th,  2019
Reno, Nevada, USA

[bookmark: Source]Agenda item:	7.2.6.6
Source: 	Qualcomm Incorporated
Title: 	Enhanced Grant-Free Transmissions for eURLLC
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#96bis, the following agreements related to the uplink grant-free transmissions for eURLLC were reached:
Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
Conclusion: 
· RAN1 believes that it is feasible from physical layer perspective to support multiple active configured grant configurations with different Types for a given BWP of a serving cell. However, there is no conclusion in RAN1 whether or not to support it.
· No further action in RAN1 until RAN2 has made progress on this topic (whether or not to support, use cases, etc.)

Proposals:
· From RAN1 perspective, the maximum number of UL configured grant configurations for a given BWP of a serving cell can be 16.

In the subsequent sections of this paper, we present our views about FFS items regarding whether or not to support joint activation and release for multiple configured grant Type2 configurations per BWP. 
Configured grant operation: potential open issues
As agreed in RAN1#95, to reduce the latency and to ensure reliability, a UE can be configured with multiple grant-free configurations. Further, no single grant-free PUSCH transmission is allowed to cross the slot boundary. Besides, it is desirable to consider a common solution between enhanced dynamic PUSCH and enhanced UL configured grant. In [1], different options were studied as baseline solutions for enhanced PUSCH. For our detailed discussion on each of these options, refer to [2]. In [2], we argue that Option 4 [1] provides a better commonality between the design of CG PUSCH and DG PUSCH. The reason is that under Option 4, the actual repetitions can be obtained by the UE based on the UL/DL direction of the symbols, which is more desired especially with ULCG. However, under Option 6, the time domain allocation for all the repetitions has to meet the UL/DL symbol directions within configured grant Type 1 or Type 2, otherwise that specific transmission occasion with conflicting symbols has to be dropped . 
Observation 1: Option 4 in [1] provides a better commonality between the design of CG PUSCH and DG PUSCH as compared to Option 6 in [1].
It was agreed in RAN1 96bis to further study Option 6, for type 1 configured grant PUSCH and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation if a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0). If Rel-15 specification is adopted, for the case that UE is configured to monitor DCI format 2-0 and it misses 2-0 or if it does not detect a SFI index that indicates UL for all symbols within the set of symbols corresponding to a repetition, such as a repetition (transmission occasion) of the type 1 configured grant PUSCH, and Type 2 PUSCH other than the first PUSCH will be dropped. As a result. Option 6 may have either less number of repetitions or a longer latency for the number of repetitions, in comparison with Option 4, as mentioned above.  

[bookmark: _Hlk7777257]Another draw-back of Option 6, yet related to UL configured grant, is about repetitions crossing the slot boundaries for both Type 1 and Type 2 configured grant transmission. Since SLIV determines the first PUSCH (and all its repetitions), if the CG periodicity is less than a slot, or in general is not an integer number of slots, taking the SLIVs for the first PUSCH and simply repeating with the configured periodicity P may lead to a repetition corresponding to a PUSCH other than the first PUSCH crossing the slot boundary. However, Option 4 does not have this problem since UE determines the actual repetitions if crossing the boundary happens. 
[bookmark: _Hlk7777200]Observation 2: Option 6 in [1] which follows different SLIVs to determine repetition occasions may break for the configured grant transmission for PUSCH transmissions other than the first PUSCH, as for some periodicities one repetition based on SLIV may happen to cross the slot boundary, which is not a supported behavior.
Multiple active configuration for UL CG per BWP is agreed in RAN1 #95. In RAN1 #96bis, it was agreed to support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell. Whether or not some parameters can be common among different configured grant configurations is left as FFS. In the following, we share our view on this problem:
Different service/traffic types, in general, require different independent CG configurations. For example, MCS, resource allocation (in time/freq.), TB size, periodicity, offset, number of repetitions, etc. can be different in CG configurations corresponding to different service types. For similar service/traffic types, there are some CG configuration parameters that can be common among multiple configured grant configurations. Examples of such parameters are antennaPort, precodingAndNumberOfLayers, srs-ResourceIndicator, mcsAndTBS. Even for the case of multiple CG configurations corresponding to similar traffic type, there are still CG configuration parameters which have to be independent (or a better flexibility/performance is achieved if the RRC parameters are set to be independent). Examples for such parameters are timeDomainOffset, dmrs-SeqInitialization, timeDomainAllocation, frequencyDomainAllocation. While support of common parameters seems to be limited to the same service type and to some of the CG configuration parameters, the benefit of such RRC overhead reduction is not clear, especially at the cost of new required specification to support common parameters across multiple CG configurations. 
Proposal 1: In Rel. 16, a new specification to configure common RRC parameters among different CG configurations is not supported.
In RAN1 #96bis, further progress was achieved for Type 2 activation/release specification, where it was agreed to support separate activation/release for different configured grant Type 2 configurations for a given BWP of a serving cell. There are still some FFS items left like whether or not to support joint activation (or joint release) in a DCI for two or more configured grant Type 2 configurations. In the remainder of this section, we share our viewpoint regarding these FFS items.
As mentioned before, different service/traffic types, in general, require different independent CG configurations. For example, MCS, resource allocation (in time/freq.), TB size, periodicity, offset, number of repetitions, etc. can be different in CG configurations corresponding to different service types. In this case, independent CG activations seems more reasonable. Further, the Rel-15 approach can be adopted to design the activation DCI; each CG configuration can be associated with an index, and the index is signaled in DCI. On the other hand, for the same service type and to improve reliability and reduce latency, multiple active CG configurations may have the same parameters unless different active CG configurations may be associated with different (1) offsets, (2) different DMRS configurations, and (3) different HARQ IDs. Here, it should be note that:
· Even for this use-case, we can have different CG configurations with different MCS, RB allocation, etc, but as long as it is related to aligning latency and ensuring the reliability, it is good enough to have multiple active CG configurations with different offsets and DMRS configurations. 
· Assuming that different configurations would have many common parameters, a single DCI may activate all the CG configurations:
0. Such a DCI would need a bitmap to the size of number of configurations to indicate which configurations are activated.
0. To keep the scheduling flexibility at the same level of separate activation DCI, a new DCI should be adopted such that some fields would correspond to multiple of CG configurations
0. The benefit of single activation DCI is lower PDCCH overhead at the cost of limited flexibility, since most of the parameters of different configuration has to be RRC configured, and/or larger DCI.
· Since activation does not happen frequently, thus PDCCH overhead is not a major issue. 

Proposal 2: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, joint activation in a DCI for multiple CG Type2 configurations is not supported.
To release the CG configurations, as long as we can signal which CG configurations are released, no further differentiation between the released CGs is needed. Thus, a single DCI can be used with a bitmap to indicate which CG configurations are to be realeased. 
Proposal 3: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, a group-common DCI can be used to release a group of CG configurations.
For different active CG configurations where following Rel-15 formulation for HARQ ID determination would result in the same process ID, it is needed to split the HARQ IDs between such different CG configurations. Within each confiugration, we can adopt Rel-15 procedure in determining the HARQ ID, from the offset and the transmission occasion, within the same set of HARQ process IDs.  
Proposal 4: For supporting multiple active CG configuration per BWP, split HARQ IDs between CG configurations that otherwise will end up with the same HARQ-ID under Rel-15 process ID determination.
In RAN1 #96bis, there has been discussions on the maximum number of configured grant configurations for a given BWP of a serving cell. In a parallel discussion in RAN2, an LS (R2-1905246) was sent to RAN1 asking “whether from PHY layer perspective there is a difference or preference, e.g. in terms of complexity to, to support 8 or 16 configurations”. We should note that the maximum number of active SPS/CG configurations depends on couple of parameters like periodicity, number of repetitions per transmission, repetition length, number of non-overlapping HARQ processes, HARQ-ACK codebook design and mapping to PUCCH resources within a slot, etc. On the hand, RAN2 explicitly mentions that they do not have a specific use-case for 16 active SPS/CG configurations, unlike 8 active SPS/CG configurations which is based on current TSC requirements. The only reason that 16 active configurations is proposed for consideration is because the maximum number of HARQ processed is 16, which is not a strong argument to support 16 active SPS/CG configurations. More precisely, in R2-1905246 it is mentioned that, “from RAN2 perspective 8 was proposed as it seems to be sufficient for current TSC requirements. On the other hand, the current maximum number of simultaneous HARQ processes in the UE is 16, so this is why this number was proposed.” So unless there exists a strong use-case defined by RAN2 for more than 8 active configurations, RAN1 should not commit to support more than 8 active SPS/CG configurations.  
Proposal 5: Due to the lack of use-cases for more than 8 active SPS/CG configuraions, more than 8 active SPS/CG configuration is not supported.
SPS enhancement for URLLC
For small data payload (e.g., 50 bytes), the PDCCH overhead can be significant (especially so since the downlink CRC alone has 24 bits). In addition, PDCCH errors results in additional packet errors. This motivates the need of PDCCH-free (control-less) downlink data transmission. Currently, the smallest SPS periodicity for NR-SPS is 10ms, which is much larger than the minimum periodicity of 1ms for subframe-based LTE, and certainly much larger than that of the sTTI. To make DL SPS for URLLC competitive to that of the LTE/sTTI, it is natural to allow the same or shorter SPS periodicities than the ones supported in LTE/sTTI. 
Proposal 6: Support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
Conclusion
In this contribution, we make the following proposals. 
Observation 1: Option 4 in [1] provides a better commonality between the design of CG PUSCH and DG PUSCH as compared to Option 6 in [1].
Observation 2: Option 6 in [1] which follows different SLIVs to determine repetition occasions may break for the configured grant transmission for PUSCH transmissions other than the first PUSCH, as for some periodicities one repetition based on SLIV may happen to cross the slot boundary, which is not a supported behavior.
Proposal 1: In Rel. 16, a new specification to configure common RRC parameters among different CG configurations is not supported.
Proposal 2: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, joint activation in a DCI for multiple CG Type2 configurations is not supported.
Proposal 3: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, a group-common DCI can be used to release a group of CG configurations.
Proposal 4: For supporting multiple active CG configuration per BWP, split HARQ IDs between CG configurations that otherwise will end up with the same HARQ-ID under Rel-15 process ID determination.
Proposal 5: Due to the lack of use-cases for more than 8 active SPS/CG configuraions, more than 8 active SPS/CG configuration is not supported.
Proposal 6: Support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
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