Page 1



3GPP TSG RAN WG1 #97


















R1-1906961
Reno, USA, May 13th – 17th, 2019
Agenda Item:

7.2.6.7
Source:


Samsung
Title:


Discussion on DL SPS
Document for:

Discussion and decision
1 Introduction
In RAN 1 #96bis meeting [1], the following agreements were agreed:
	Agreements:

· Support separate activation for different DL SPS configuration for a given BWP of a serving cell.

· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations

· Support separate release for different DL SPS configurations for a given BWP of a serving cell.

· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 




At the same time, RAN2 approved LS on SPS/CG for IIoT [2] asking RAN1 about maximum SPS configuration number, shorter SPS periodicity down to 2 symbols as well as the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signaling. 

This contribution discusses the remaining issues of DL SPS and shares our view for the LS. 
2 Discussion

2.1 Activation/deactivation for Multiple SPS configurations 

Both RAN1 and RAN2 agreed to support multiple DL SPS configurations for a given BWP of a serving cell at least by separate activation and deactivation, while the joint activation and deactivation is FFS. 
The proper activation/deactivation mechanism is highly related to the use cases. For the purpose of accommodating multiple different traffic types simultaneously, at least separate activation for these DL SPS configurations with independently configured transmission parameters is beneficial. On the other hand, if multiple DL SPS configurations can share most transmission parameters, the joint activation/deactivation is desirable for DL overhead reduction. One typical scenario is to support TSN message with non-integer multiple of NR supported SPS periodicities by multiple DL SPS configuration. In this case, multiple SPS configurations can share the same set of configuration, such as same MCS/TBS and the time-frequency domain allocation, except the different time domain offsets.
Observation 1: Both separate and joint activation/deactivation for multiple DL SPS configuration is feasible. Separate activation/deactivation is beneficial for accommodating multiple different traffic types, while joint activation/deactivation is more suitable for the same TSN message with non-integer multiple of NR supported SPS periodicities.
For separate activation and deactivation, a new field or re-interpretation existing field is needed to indicate which configuration is activated/deactivated. Since for different configurations, HARQ process ID may be same or different, it is better to introduce a configuration index. The new field or re-interpretation existing field indicates the DL SPS configuration index. 

For joint activation/deactivation, a set of DL SPS configurations is semi-statically configured and all configurations within this set can be jointly activated/deactivated by one DCI. Within one set, common parameters are indicated by DCI for all the activated DL SPS configurations and some parameters are derived for each DL SPS configuration based on some pre-defined rule. For example, one set of TBS/MCS and time-frequency domain allocation is indicated and shared between different active DL SPS configurations. The time domain offset for each configuration can be configured by RRC or separately indicated in activation DCI. Correspondingly, the sets of SPS configurations can be deactivated together by setting some special fields in DCI for deactivation. Alternatively, a bitmap can be introduced in DCI to activate/deactivate a subset of these configurations. 

Proposal #1: For separate activation and deactivation, the new field or re-interpretation existing field is associated with the DL SPS configuration index. 

Proposal #2: For joint activation, a set of common parameters are shared by multiple DL SPS configuration and a separate starting offset is indicated for each configuration.  For joint deactivation, using bit map or a special field in DCI to deactivate each configuration. 
One discussion point for multiple SPS configurations is the maximum number of active SPS configurations. On one hand, considering the maximum number of HARQ processes per UE is 16, it seems reasonable to support the same maximum value for SPS configuration to achieve full flexibility for various traffic load and latency requirement. On the other hand, the scheduler would be more complicated to coordinate the dynamic grant with SPS if all HARQ processes are occupied by SPS PDSCHs. Besides, the DCI payload to indicate SPS configuration index would be a factor to consider. If reusing the existing bit field, e.g., HPN bit field to indicate SPS configuration index, 4-bit HPN is sufficient for both 8 and 16 SPS configurations without additional increase of DCI size. If the set of activated SPS configurations is RRC configured, it seems no impact on DCI size to support 8 or 16 configurations. But if there is a bit-map in DCI to activate/deactivate each SPS configuration, the bit-length is doubled by 16 configurations. Moreover, the number of activation/deactivation DCI increases with this maximum number. 
Observation 2: From PHY layer perspective, the maximum 16 SPS configurations may require larger payload of activation/deactivation DCI. 
2.2 Shorter SPS periodicities 

For downlink SPS, the minimum periodicity in Rel-15 is 10ms whereas the periodicity of UL configured grant is 2 symbol. If gNB wants to use it for URLLC data having periodicity shorter than 10ms (e.g., for factory automation requiring shorter periodicities), it should support shorter SPS periodicity. The SPS periodicity down to 2 symbol can be consider to support the same/similar values with uplink configured grant for flexible gNB implementation.

Proposal 3: Symbol-level periodicities should be supported for DL SPS, e.g. 2 symbol, 7 symbol, 1 slot.
     In Rel-15, UE determines the PUCCH resource for each SPS PDSCH according to the slot-level HARQ-ACK timing indicated by activation DCI and configured PUCCH resource n1PUCCH-AN (if UE transmits HARQ-ACK only to a SPS PDSCH reception) or PUCCH resource indicated by PRI in DCI for DL assignment (if UE transmits HARQ-ACK for both SPS PDSCH and scheduled PDSCH).  Apparently, one PUCCH only includes HARQ-ACK of one SPS PDSCH of a serving cell. 
With the extension of SPS PDSCH with symbol-level periodicity, whether one PUCCH includes HARQ-ACK of one or multiple SPS PDSCHs of one serving cell needs consideration. On one hand, the latency is minimized if HARQ-ACK of each DL SPS PDSCH is transmitted in separate PUCCH as shown in Figure 1(a). UL spectral efficiency materially degrades with such large PUCCH overhead. There will be frequent PUCCH and PUSCH collisions (if simultaneous PUSCH and PUCCH transmissions from a UE is not supported as in Rel-15), e.g., each PUCCH will collide with any PUSCH transmission in the extreme case of 7 PUCCHs per slot occupying the whole slot. The overlapped PUCCHs and PUSCH may not meet Rel-15 timeline conditions that require the latency between last PDSCH and first symbol S0 of the earliest PUCCH or PUSCH is no smaller than minimum PDSCH processing time and PUSCH processing time, leading to undesirable drop of either PUSCH or PUCCH with HARQ-ACK. On the other hand, aggregating HARQ-ACK of multiple SPS PDSCHs reduces PUCCH overhead with increased latency, as shown in Figure 1(b). The collisions between PUCCH/PUCCH and PUCCH/PUSCH discussed above are more controllable, yet new PUCCH resource configuration and HARQ-ACK codebook determination is needed. In Rel-15, configured PUCCH resource n1PUCCH-AN for SPS alone is either PUCCH format 0 or 1 supporting at most 2 bits HARQ-ACK. If HARQ-ACK of more than 2 SPS PDSCHs are to be transmitted in one PUCCH, such as 5 bits HARQ-ACK for PUCCH2 in figure 1(b), PUCCH format 2/3/4 should be considered. Moreover, if the number of HARQ-ACK bits per PUCCH may vary from slot to slot, e.g., 2 bits HARQ-ACK in PUCCH1 and 5 bits HARQ-ACK in PUCCH 2, one single PUCCH resource configuration may not be sufficient. Instead, multiple PUCCH resources can be configured and UE chooses the proper PUCCH resource according to UCI payload. Another potential impact of HARQ-ACK feedback is HARQ-ACK codebook including HARQ-ACK of multiple DL SPS PDSCHs and dynamic PDSCH. In Rel-15, for type-1 codebook, the HARQ-ACK of DL SPS PDSCH is located in one PDSCH candidate position derived by the TDRA table, because the same TDRA table applies for both DL SPS activation and dynamic PDSCH scheduling. With shorter SPS periodicity, it is possible that the first DL SPS PDSCH is still derived by TDRA table while other SPS PDSCH locations in the same slot are not the subset of TDRA table. For type-2 codebook, the enhancement to support HARQ-ACK of multiple SPS PDSCHs with proper ordering is also needed. 
Observation 3: With SPS periodicity < 1 slot, if HARQ-ACK of each DL SPS PDSCH is transmitted in separate PUCCH, the latency is minimized with larger PUCCH overhead and complicated PUCCH/PUCCH or PUCCH/PUSCH collision handling. 
Observation 4: With SPS periodicity < 1 slot, if HARQ-ACK of multiple DL SPS PDSCH is transmitted in one PUCCH, the latency would be increased with smaller PUCCH overhead and more controllable PUCCH/PUCCH or PUCCH/PUSCH collision. Enhancement of PUCCH resource configuration and HARQ-ACK codebook determination is needed. 
For both alternatives, new mechanism for PUCCH resource allocation is needed to indicate which SPS PDSCHs’ HARQ-ACK is within one PUCCH. For example, assuming HARQ-ACK timing K1= 0 slot, PUCCH starting symbol is #10 symbol and duration is 2 symbols in Figure 1, if UE derives PUCCH resource for SPS PDSCH following Rel-15 HARQ-ACK procedure, HARQ-ACK of all PDSCHs with ending symbol in the same DL slot (SPS PDSCH 1~7) would be associated with the same PUCCH resource (PUCCH1).  Obviously, it is infeasible to transmit all these HARQ-ACKs with valid HARQ-ACK value due to PDSCH processing time.
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Figure 1 (b)
Proposal 4: The mechanism to support HARQ-ACK feedback for SPS PDSCH with symbol-level periodicity should be studied, considering the potential impact on HARQ-ACK feedback delay, PUCCH resource overhead, HARQ-ACK codebook structure and enhanced PUCCH resource allocation mechanism.
2.3 TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities

In some cases, each TSC traffic has different periodicities that may not fit into one of periodicities supported by configured grant or SPS. However, it does not mean that that’s why it supports non-integer multiple of periodicities NR supports for Configured grant and SPS. Instead, it can add more periodicities in related RRC parameters because it is just granularity issue. Besides, with the aid of multiple SPS configuration with shorter periodicity, the mismatch can be further minimized. For traffic period having non-integer symbol, it should be resolved by using higher subcarrier spacing to reduce symbol length to cover the period. 

Proposal 5: There is no need to specify non-integer periodicities.
3 Answers to LS
Based on the discussion above, the answers to RAN2’s LS is listed as below.  

1. RAN2 agreed that the maximum number of active SPS configurations for a given BWP of a serving cell should be either 8 or 16, but could not reach a final conclusion. 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. 
Q1: RAN2 would like to kindly ask RAN1 whether from PHY layer perspective there is a difference or preference, e.g. in terms of complexity to, to support 8 or 16 configurations. 
A: From PHY layer perspective, the maximum 16 SPS configurations may require larger payload of activation/deactivation DCI.
2. From RAN2 point of view, supporting short periodicity at least down to 0.5 ms is required. Support of even shorter periodicities (e.g. down to 2 symbols) could be useful for support of TSC traffic patterns with periodicities non-aligned with NR frame structure, i.e. periodicities which are not multiple of NR slot or symbol period, which are used to configure CG/SPS periodicity. On the other hand, some companies indicated that the same issue can be addressed by providing the UE with multiple active SPS configurations and there was no consensus on how to address issue. 
Q2: RAN2 would like to kindly ask RAN1 about:

- the feasibility to support SPS periodicities of at least 0.5 ms

- the feasibility to support SPS periodicities shorter than 0.5 ms, e.g. down to 2 symbols

- any additional limitations for the above e.g. in terms of supported SCS, HARQ-ACK feedback

A: For PHY layer perspective, with 30KHz or larger SCS, there is minor standard effort to support SPS periodicity of 0.5 ms. With 15KHz SCS for periodicity of 0.5ms or any SCS  for shorter periodicity than 1 slot, additional work is expected to support HARQ-ACK feedback of multiple SPS PDSCHs in one PUCCH with reasonable effort. 
3. RAN2 assumes that activation/deactivation of multiple SPS/CG configurations is done by DCI. There is no consensus in RAN2 on activation/deactivation of multiple SPS/CG configurations to be done by one DCI for multiple configurations or by one DCI per configuration (as in LTE rel-15). 
Q3: RAN2 would like to kindly ask RAN1 the feasibility of activation/deactivation of multiple SPS/CG configurations via DCI signalling. 

A: For PHY layer perspective, it is feasible to support activation/deactivation of multiple SPS/CG configuration via DCI signalling with reasonable standard effort. 
4 Conclusions
In this contribution, potential enhancements of DL SPS are discussed and following proposals were made based on the observations:
Proposal #1: For separate activation and deactivation, the new field or re-interpretation existing field is associated with the DL SPS configuration index. 

Proposal #2: For joint activation, a set of common parameters are shared by multiple DL SPS configuration and a separate starting offset is indicated for each configuration.  For joint deactivation, using bit map or a special field in DCI to deactivate each configuration. 
Proposal 3: Symbol-level periodicities should be supported for DL SPS, e.g. 2 symbol, 7 symbol, 1 slot.
Proposal 4: The mechanism to support HARQ-ACK feedback for SPS PDSCH with symbol-level periodicity should be studied, considering the potential impact on HARQ-ACK feedback delay, PUCCH resource overhead, HARQ-ACK codebook structure and enhanced PUCCH resource allocation mechanism.

Proposal 5: There is no need to specify non-integer periodicities.
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