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Introduction
In RAN2#105bis meeting, RAN2 has issued an LS [1] to RAN1 with the following information and requests:  
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. 
1. 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
1. 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. 
In addition, RAN2 would like to stress that the motivation to have an HARQ process ID offset for each configuration is to have a separate and non-overlapping HARQ process pool for each configuration when multiple UL CG or DL SPS configurations are configured.

In this contribution we provide our views on Q2 which is highlighted above. Particularly, we focus on the following issues mentioned in the RAN1 feature summary R1-1905813 [2]:
Feature lead recommendations:
Proposal: 
For supporting shorter periodicity than 1 slot for DL SPS, RAN1 further investigates the following aspects:
· HARQ-ACK codebook determination, PUCCH resource determination
· Whether/how to address excessive PUCCH overhead, e.g., ACK skipping or HARQ-ACK skipping
· Feasibility to support lower periodicities than 0.5 ms


	Discussion 
The use of SPS techniques has been recognized in RAN2 as a powerful solution to support industrial traffic. This is characterized by large number of users deployed in a small area requiring transmission of small payloads (20-50B) with periodicities as short as 0.5 ms. Each payload shall be delivered with an end-to-end (E2E) latency no larger than the periodicity with reliability requirement as high as 99,999999%. See 3GPP TS 22.104 for more details and our previous contribution [3].
Extending the SPS functionality to support periodicities below 0.5 ms, e.g. down to 2 OFDM symbols, has some impact on the HARQ-ACK feedback functionality which is described in further details in the following.
HARQ Feedback
In NR Release 15, the HARQ-ACK feedback for a SPS allocation occurring in slot n is transmitted on slot n+k, where k is indicated in the PDSCH-to-HARQ-timing-indicator field in DCI Format 1_0 or Format 1_1 activating the SPS PDSCH reception. If DCI Format 1_1 is used and it does not contain a PDSCH-to-HARQ-timing-indicator field, k is provided by higher-layer parameter dl-DataToUL-ACK.
The PUCCH resource to use in slot n+k depends on whether there is also HARQ-ACK feedback to be reported for dynamic PDSCH or not, and in the following these two cases are studied separately. Note that the discussion in this contribution mostly focuses on the necessary enhancements required for Rel-15 slot-based HARQ-ACK feedback procedure. With the sub-slot-based HARQ-ACK feedback procedure being introduced in Rel-16, it is expected that the HARQ-ACK feedback for at least one SPS PDSCH can be supported per sub-slot (pending the detailed design). It may need to be considered further whether additional enhancements would be required for SPS.
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[bookmark: _Ref7159132]Figure 1: PUCCH timing and resource configuration for SPS HARQ-ACK feedback for cases with and without dynamic PDSCH scheduling. K1 for SPS PDSCH is fixed and defined in activation DCI.

Only HARQ feedback for DL SPS is present
If only HARQ-ACK feedback for a SPS allocation shall be reported on a PUCCH (Case 1 in Figure 1), the PUCCH resource to be used is defined by higher-layer parameter n1PUCCH-AN, defined as part of the SPS configuration. This parameter refers to an index of the PUCCH resource sets table for PUCCH formats 0 or 1.
Although PUCCH formats 0 or 1 allow two bits of information, only a single HARQ-ACK bit for SPS PDSCH reception can be reported in a same PUCCH according to Release 15 specifications [TS 38.213, Sec. 9.1]. To our understanding, the reason for this limitation is that Rel-15 SPS periodicities are above or equal 10 ms, meaning that there is no need for more than 1-bit SPS feedback per slot. Removing this limitation and allowing 2-bit SPS feedback per PUCCH (while still using the same PUCCH formats, namely Format 0 or 1) may facilitate periodicities down to 7 symbols for Rel-15 slot-based HARQ-ACK feedback of a single SPS configuration, without significant changes to the existing specifications. This is illustrated in Figure 2 (borrowed from [4]) for the case where PDSCH-to-HARQ-timing-indicator equals 1 slot.
Observation 1: For cases where only HARQ-ACK feedback for SPS PDSCH shall be reported (i.e. no dynamic PDSCH HARQ-Ack), removing the limitation of only 1-bit feedback of SPS in a same PUCCH, and instead allowing 2-bit SPS feedback per PUCCH may facilitate periodicities down to 7 symbols for a single SPS configuration using Rel-15 slot-based HARQ-ACK feedback, without significant standard impact.
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[bookmark: _Ref7432916]Figure 2: SPS HARQ-ACK feedback reporting assuming 2 bits of feedback per PUCCH resource [4].
On the other hand, supporting even shorter periodicities, e.g. down to 2 OFDM symbols, is not straightforward and thus requires further enhancements. One option is to extend the n1PUCCH-AN definition to allow configuring other (larger) PUCCH formats, e.g. Format 2 which has 2 symbol duration and allows more than 2 bits of information.
Observation 2: For cases where only HARQ-ACK feedback for SPS PDSCH shall be reported (i.e. no dynamic PDSCH HARQ-Ack), supporting periodicities <7 symbols (e.g. 2, or 4) for Rel-15 slot-based HARQ-ACK feedback require further enhancements. One option is to modify higher-layer n1PUCCH-AN field to include support for other (larger) PUCCH formats.

Both SPS and Dynamic PDSCH HARQ feedback are present
In this case, HARQ-ACK feedback for SPS PDSCH and dynamic PDSCH are multiplexed into a HARQ-ACK codebook. The codebook is transmitted on a PUCCH resource indicated via the PUCCH Resource Indicator (PRI) field included in the DCI of dynamic PDSCH (or the latest DCI, if there are multiple DCIs with PDSCH-to-HARQ-timing-indicator indicating a same slot). This is illustrated in Case 2 in Figure 1.
Here, we need to make a further distinction between Type-1 (semi-static) and Type-2 (dynamic) HARQ-ACK codebook.
Type-1 HARQ-ACK codebook: 
The Release-15 semi-static Type-1 codebook has a size that is determined based on the higher-layer configured dl-DataToUL-ACK values and the entries of the TD-RA table after pruning overlapping/non-compatible allocations. 
[bookmark: _Hlk7709097]For SPS periodicities ≥ 1 slot, including those supported in Rel-15 (≥ 10 ms), a SPS PDSCH occasion is always present in the configured TD-RA table and thus it is straightforward to determine the bit position of a SPS PDSCH resource in the HARQ-ACK codebook. HARQ-ACK feedback for multiple active SPS configurations can also be supported using Rel-15 Type-1 codebook principles, as long as the configured periodicities are above 1 slot and the SPS PDSCH occasions do not overlap in time. We have not identified any limitation for supporting HARQ feedback for more than one SPS occasion in a slot if these belong to separate SPS configurations.
Observation 3: HARQ-ACK feedback for one or multiple SPS configurations can be supported with Release-15 Type-1 HARQ-ACK codebook conditioned that the configured SPS periodicities are above 1 slot, and the SPS PDSCH occasions do not overlap in time (although they might occur in the same slot).
For shorter SPS periodicities, e.g. 7 or 2 symbols, TD-RA for some SPS PDSCH occasions may not be present in the configured TD-RA table which calls for further enhancements. Here, we agree with [5] that N additional HARQ-ACK bits can be added to the Type-1 codebook, where N can be simply calculated based on the (higher-layer) configured SPS periodicity. Assuming the time-domain PDSCH allocation duration is no longer than the periodicity and the PDSCH is not allowed to cross the slot boundary, 2 bits of feedback are required for 7-symbol periodicity and 7 bits for 2-symbol periodicity. If sub-slot based PUCCH operation is supported, when the number of SPS occasions per sub-slot is no more than one, no additional enhancement is expected. Otherwise, a similar approach of adding N additional HARQ-ACK bits can be used, where N corresponds to the maximum number of SPS occasions per sub-slot.
Observation 4: To allow HARQ-ACK feedback for a single SPS configuration with periodicity below a slot, N additional HARQ-ACK bits can be added to the Type-1 codebook, where N can be calculated based on the configured SPS periodicity and the number of PUCCHs for HARQ-ACK feedback in a slot.

Dealing with multiple active SPS configurations with periodicities below a slot and/or overlapping SPS PDSCH occasions requires further investigations. If a UE can only process one PDSCH at a time, at most 7 SPS PDSCH can be decoded per slot. Pruning mechanisms of overlapping/non-compatible SPS allocations could be defined such that at most 7 bits of SPS HARQ-ACK feedback are generated per slot. The actual number of HARQ-ACK bits for SPS in a Type-1 codebook may be smaller or larger than 7 bits, depending on the number of PUCCH carrying HARQ-ACK per slot and the configured K1 values and periodicity of each SPS configuration. The pruning mechanism could further consider SPS priority rules if defined by RAN2. 
Observation 5: Type-1 HARQ-ACK feedback operation for multiple active SPS configurations with periodicities below a slot and/or overlapping SPS PDSCH occasions requires further investigations. Pruning mechanisms of overlapping SPS allocations could be considered such that at most 7 bits of SPS HARQ-ACK feedback are generated per slot. 

Type-2 HARQ-ACK codebook: 
[bookmark: _Hlk7597328]If HARQ-ACK is to be reported for each SPS PDSCH occasion and there would be a single PUCCH carrying HARQ-ACK per slot, a Type-2 HARQ codebook should be constructed with one bit per SPS PDSCH occasion in a slot. In case of multiple active SPS configurations where SPS PDSCH allocations may (partially) overlap in time, further discussions are needed on whether pruning/prioritization mechanisms can be applied to reduce the number of HARQ-ACK bits or whether the type-2 HARQ codebook shall include HARQ-ACK feedback for all SPS PDSCH occasions. 
Observation 6: To allow HARQ feedback for multiple SPS occasions within a slot, Type-2 HARQ codebook should be constructed with one bit per possible SPS PDSCH occasion in a slot. HARQ-ACK feedback from dynamic PDSCH shall be included on top. It is FFS how Type-2 HARQ codebook should be constructed when having overlapping SPS PDSCH occasions of multiple SPS configurations.

Other HARQ-Related Issues
NACK only, ACK only or feedback-less operation?
Reporting only negative acknowledgements or operating in a feedback-less fashion has been considered by different companies in RAN1#96bis [6-7]. In our view, the use of one or another approach will depend on the use case that is addressed. We discuss these in the following including the possibility of ACK-only operation and HARQ feedback bundling of multiple SPS PDSCH occasions.
NACK or ACK only operation: 
NACK only operation, also referred as ACK-skipping, is a valid solution to reduce uplink PUCCH overhead. The main motivation for this type of operation is the following:
· Contrary to UL configured grants (CG), UEs with an active SPS configuration shall report a NACK even if no data is detected on a potential SPS PDSCH resource. In other words, there is no room for ambiguity when no feedback is reported by the UE.
· It is also worth noting that BLER targets for IIoT use cases are usually very low, thus control overhead reductions can be significant.

In our view, ACK-skipping is especially relevant for deterministic traffic that can be mapped 1:1 to a SPS resource pattern, and thus each SPS PDSCH occasion is expected to be used by the gNB. For other use cases, e.g. to support non-integer TSC message periodicities where some SPS PDSCH occasions may not be used by the gNB, NACK-skipping could be used instead to reduce HARQ-ACK overhead of non-utilized occasions. In this case, the gNB should only react to lack of HARQ-ACK feedback (e.g. in form of a HARQ retransmission) if there was data scheduled on the corresponding PDSCH resource. 

It is worth mentioning that the benefits in terms of PUCCH overhead reduction and UE power consumption of ACK or NACK skipping may only be obtained when all SPS allocations to be acknowledged in a PUCCH resource fulfill the criteria for not reporting HARQ-ACK feedback (i.e. all ACKs if ACK-skipping is configured, or all NACKs if NACK-skipping is configured). Otherwise, the entire HARQ-ACK codebook discussed in Sec. 2.1.1. needs to be transmitted (e.g. one bit for each SPS PDSCH) to avoid ambiguity at the gNB side 

Feedback-less operation and HARQ-ACK feedback bundling: 
For very low latency requirements, e.g. 0.5 ms, immediately delivering HARQ-ACK feedback for each individual PDSCH reception may not be necessary as there is not enough time for HARQ retransmissions. Some sort of feedback may be used for monitoring/tracking error performance; however, this feedback is not expected to be urgent and it may be acceptable to bundle HARQ-ACK feedback from multiple SPS PDSCH into a single bit. In other words, the PUCCH HARQ-ACK feedback capacity of Release 15 may be sufficient but the mechanism to allow feedback-less operation needs still to be standardized. 
It is worth mentioning that RAN2 has agreed in RAN2#105bis to have knowledge of the application’s survival time at the RAN. In such case, providing HARQ-ACK feedback in a timely manner may still be beneficial as it allows the gNB to take some actions to reduce the probability of experiencing errors on consecutive PDSCH transmissions.
Observation 7: NACK only, ACK only, feedback-less HARQ schemes and HARQ bundling has different pros and cons depending on traffic flow characteristics and requirements. RAN1 should further study such schemes. 
K1 configuration for SPS
As previously mentioned, in Release 15 specs, all SPS PDSCH allocations of a SPS configuration are configured with the same K1 [slots] as indicated in DCI Format 1_0 or Format 1_1 activating the SPS PDSCH reception. This is not optimal when operating with very short SPS periodicities and a low latency requirement, as the PDSCH-to-HARQ delay may be unnecessarily long for some of the allocations within a slot, as illustrated in Figure 3. Note that in this example setting K1 = 0 is not an option as it would overlap in time with the mini-slots at the end of the slot. To overcome this, the already-agreed sub-slot based K1 granularity together with multiple PUCCH with HARQ-ACK per slot are beneficial as illustrated in Figure 4. Further enhancements to the K1 and n1PUCCH-AN definition in the SPS activation and configuration may be needed to support sub-slot based PUCCH operation (agreed during RAN1#96bis) together with multiple PUCCH carrying HARQ-ACK per slot. 
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[bookmark: _Ref7506592]Figure 3: Rel-15 slot-based HARQ-ACK feedback for 2 OS SPS periodicity.
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[bookmark: _Ref7437570]Figure 4: Sub-slot K1 configuration for short SPS periodicity
Observation 8: For short SPS periodicities, e.g. 2 symbols, the already-agreed sub-slot based K1 granularity together with multiple PUCCH with HARQ-ACK per slot could be used to allow fast HARQ-ACK feedback. This may require enhancements to the K1 and n1PUCCH-AN definition in the SPS activation and configuration.
Conclusions
Based on the discussions on HARQ-ACK operation for multiple SPS configurations and SPS periodicities shorter than a slot in this contribution, we make the following observations and proposals:
Observation 1: For cases where only HARQ-ACK feedback for SPS PDSCH shall be reported (i.e. no dynamic PDSCH HARQ-Ack), removing the limitation of only 1-bit feedback of SPS in a same PUCCH, and instead allowing 2-bit SPS feedback per PUCCH may facilitate periodicities down to 7 symbols for a single SPS configuration using Rel-15 slot-based HARQ-ACK feedback, without significant standard impact.
Observation 2: For cases where only HARQ-ACK feedback for SPS PDSCH shall be reported (i.e. no dynamic PDSCH HARQ-Ack), supporting periodicities <7 symbols (e.g. 2, or 4) for Rel-15 slot-based HARQ-ACK feedback require further enhancements. One option is to modify higher-layer n1PUCCH-AN field to include support for other (larger) PUCCH formats.
Observation 3: HARQ-ACK feedback for one or multiple SPS configurations can be supported with Release-15 Type-1 HARQ-ACK codebook conditioned that the configured SPS periodicities are above 1 slot, and the SPS PDSCH occasions do not overlap in time (although they might occur in the same slot).
Observation 4: To allow HARQ-ACK feedback for a single SPS configuration with periodicity below a slot, N additional HARQ-ACK bits can be added to the Type-1 codebook, where N can be calculated based on the configured SPS periodicity and the number of PUCCHs for HARQ-ACK feedback in a slot.
Observation 5: Type-1 HARQ-ACK feedback operation for multiple active SPS configurations with periodicities below a slot and/or overlapping SPS PDSCH occasions requires further investigations. Pruning mechanisms of overlapping SPS allocations could be considered such that at most 7 bits of SPS HARQ-ACK feedback are generated per slot. 
Observation 6: To allow HARQ feedback for multiple SPS occasions within a slot, Type-2 HARQ codebook should be constructed with one bit per possible SPS PDSCH occasion in a slot. HARQ-ACK feedback from dynamic PDSCH shall be included on top. It is FFS how Type-2 HARQ codebook should be constructed when having overlapping SPS PDSCH occasions of multiple SPS configurations.
Observation 7: NACK only, ACK only, feedback-less HARQ schemes and HARQ bundling has different pros and cons depending on traffic flow characteristics and requirements. RAN1 should further study such schemes. 
Observation 8: For short SPS periodicities, e.g. 2 symbols, the already-agreed sub-slot based K1 granularity together with multiple PUCCH with HARQ-ACK per slot could be used to allow fast HARQ-ACK feedback. This may require enhancements to the K1 and n1PUCCH-AN definition in the SPS activation and configuration.
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