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[bookmark: _Ref94275357]Introduction
[bookmark: _Hlk510705081]This document discusses technical details for the enhancements of PUSCH repetition type A in the context of Rel-17 coverage enhancement work item. The following can be noted from the work item description (WID) [1]:
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
This document discusses the remaining issues from the previous RAN1 meetings for this feature.
Discussion and Text Proposal for TS 38.214
Available slot counting for DG-PUSCH scheduled by DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI
In RAN1#107-bis-e meeting, whether available slot counting should be applicable to DG-PUSCH scheduled by DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI was discussed without reaching any conclusion. On the one hand, as quoted in Section 1, it can be observed from the WID that available slot counting was specified for PUSCH repetition type A only. On the other hand, DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI cannot be used for scheduling PUSCH repetitions in Rel-15/16. Therefore, it is straightforward to deduce that available slot counting cannot be applied for PUSCHs scheduled by DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI unless the Rel-15/16 specification related to scheduling PUSCH repetition type A is modified. It is worth noting that, in the current specifications (TS 38.214, Clause 6.1.2.1), the available slot counting for DG-PUSCH is specified only for:
· PUSCH repetition type A scheduled by DCI format 0_1 or 0_2.
· PUSCH repetition type A scheduled by RAR UL grant.
· PUSCH repetition type A scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI.
· TB processing over multiple slots scheduled by DCI format 0_1 or 0_2.
[bookmark: _Toc94518732]Observation 1. Following current specification, available slot counting cannot be applied for PUSCHs scheduled by DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI. Specification change is not needed. 
[bookmark: _Ref94284199]Available slot counting for PUSCH repetition type A with K=1
Another topic that was discussed during RAN1#107-bis-e meeting was whether available slot counting is applied for PUSCH repetition type A with K = 1. It is worth noting that, unless further restriction is agreed in RAN1, the current specification allows available slot counting for PUSCH repetition type A with K=1 because of the following reasons:
· K=1 is included in the list of candidate values for the number of repetitions for PUSCH repetition type A.
· Available slot counting is applied for PUSCH repetition type A without any exception.
In addition, no operational issue has been identified for supporting available slot counting for K=1. In other words, the difference of supporting available slot counting for K=1 and K>1 is unclear.
[bookmark: _Toc94518733]Observation 2. Current specification allows available slot counting for PUSCH repetition type A with K=1. Specification change is not needed.
Slot indicated by K2 offset
Developed from the topic discussed in Section 2.2, another question that was also brought up during RAN1#107-bis-e meeting was whether the slot indicated by K2 offset should always be an available slot (by adding restriction on the scheduler) or not. The latest FLs’ proposal on this issue is as follows [2].
	· For DG-PUSCH, when AvailableSlotCounting is enabled, and for K=1, select on from the following
· Option 1: A UE does not assume that PUSCH symbols overlap with DL symbol or SSB symbol in the slot indicated by K2 offset is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot indicated by K2 offset.
· [bookmark: _Hlk94010133]Option 2-1: When overlapping, the UE drops the PUSCH transmission in the slot indicated by K2 offset and does not perform the PUSCH transmission in later slots, either.
· Option 2-2: When overlapping, the UE does not perform the PUSCH transmission in the slot indicated by K2 offset and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules.
· For DG-PUSCH, when AvailableSlotCounting is enabled, and for K>1, select on from the following
· Option 1: A UE does not assume that the slot indicated by K2 offset is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that the slot indicated by K2 offset can be the slot which is not counted in K available slot(s).
· For CG-PUSCH, when AvailableSlotCounting is enabled, and for K=1, select on from the following
· Option 1: A UE does not assume that PUSCH symbols overlap with DL symbol or SSB symbol in the slot determined in 38.321 Section 5.8.2.
· Option 2: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot determined in 38.321 Section 5.8.2.
· Option 2-1: When overlapping, the UE drops the PUSCH transmission in the slot determined in 38.321 Section 5.8.2 and does not perform the PUSCH transmission in later slots, either.
· Option 2-2: When overlapping, the UE does not perform the PUSCH transmission in the slot determined in 38.321 Section 5.8.2 and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules.
· For CG-PUSCH, when AvailableSlotCounting is enabled, and for K>1, select on from the following
· Option 1: A UE does not assume that the slot determined in 38.321 Section 5.8.2 is the slot which is not counted in K available slot(s).
· Option 2: A UE assumes that the slot determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slot(s).


In Rel-15/16, K2 offset was specified in TS 38.214 Clause 6.1.2.1 and the corresponding RRC parameter (k2) configured in PUSCH-TimeDomainResourceAllocation was specified in TS 38.331. In both specifications, no restriction on K2 offset was specified aside from its value range. The motivation for adding further restriction on K2 offset in Rel-17 due to available slot counting is unclear. Indeed, the Rel-17 2-step available slot counting procedure needs only three inputs: the starting slot to apply the procedure, the number of repetitions, and the colliding slots. It can be observed that the procedure works without any constraint on whether the first slot indicated by K2 offset is available slot or not. 
[bookmark: _Toc94518734]Observation 3. Rel-17 2-step available slot counting procedure works without any constraint on whether the first slot indicated by K2 offset is available slot or not. Specification change is not needed.
Therefore, our preferences based on the above FL’s proposal are as follows:
· For DG-PUSCH, when AvailableSlotCounting is enabled, and for K=1: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot indicated by K2 offset. When overlapping, the UE does not perform the PUSCH transmission in the slot indicated by K2 offset and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules (Option 2-2).
· For DG-PUSCH, when AvailableSlotCounting is enabled, and for K>1: A UE assumes that the slot indicated by K2 offset can be the slot which is not counted in K available slot(s) (Option 2).
· For CG-PUSCH, when AvailableSlotCounting is enabled, and for K=1: A UE assumes that PUSCH symbols can overlap with DL symbol or SSB symbol in the slot determined in 38.321 Section 5.8.2. When overlapping, the UE does not perform the PUSCH transmission in the slot determined in 38.321 Section 5.8.2 and performs the PUSCH transmission in the next available slot subject to PUSCH dropping rules (Option 2-2).
· For CG-PUSCH, when AvailableSlotCounting is enabled, and for K>1: A UE assumes that the slot determined in 38.321 Section 5.8.2 can be the slot which is not counted in K available slot(s) (Option 2).
However, it’s worth noting that the above behavior has been covered by the current specification. Since the current procedure works, further discussion on modifying the current specification is not justified.
[bookmark: _Toc94518668]Proposal 1. Further restriction on K2 offset for available slot counting in Rel-17 is not supported.
TP for TS 38.214 Clause 6.3.1 on FH for single-slot PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI
In RAN1#107-bis-e meeting, a TP for correction on frequency hopping configuration for TS 38.214 Clause 6.3.1 was identified. Specifically, frequency hopping configuration for single-slot PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI was not included in the latest specification. The TP was not agreed due to some requests for further checking on whether DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI can be used for scheduling PUSCH repetition type A or not, since the following description of frequencyHopping provided in pusch-Config was interpreted differently by some companies. 
	frequencyHopping
The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured for 'pusch-RepTypeA' (see TS 38.214 [19], clause 6.3). The field frequencyHopping applies to DCI format 0_0 and 0_1 for 'pusch-RepTypeA'.


In our views, the last sentence in the description above should be read as “The field frequencyHopping applies to DCI format 0_1 for 'pusch-RepTypeA' and DCI format 0_0”. Ambiguity does not exist since it should be common understanding that DCI format 0_0 cannot be used for scheduling PUSCH repetition. Therefore, TP for TS 38.214 Clause 6.3.1 should be the following.
[bookmark: _Toc94518669]Proposal 2. RAN1 to adopt the following TP for Clause 6.3.1 of TS 38.214 (changes are highlighted in red).
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	***Unchanged text is omitted ***
6.3.1	Frequency hopping for PUSCH repetition Type A and for TB processing over multiple slots
For PUSCH repetition Type A scheduled by DCI format 0_1 or 0_2 and for TB processing over multiple slots (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH) and for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI or MCS-C-RNTI, a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in onfiguredGrantConfig for configured PUSCH transmission. For PUSCH repetition Type A scheduled by RAR UL grant or by DCI format 0_0 with CRC scrambled by TC-RNTI, a UE is configured for frequency hopping by the frequency hopping flag information field of the RAR UL grant, and by the frequency hopping flag information field of DCI format 0_0 with CRC scrambled by TC-RNTI, respectively. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot configured PUSCH transmission and multi-slot PUSCH transmission scheduled by DCI format 0_1 or 0_2 and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
***Unchanged text is omitted ***


Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to enhancements on PUSCH repetition Type A in Rel-17. 
The following observations have been noted:
Observation 1. Following current specification, available slot counting cannot be applied for PUSCHs scheduled by DCI format 0_0 with CRC scrambled by other RNTI than TC-RNTI. Specification change is not needed.
Observation 2. Current specification allows available slot counting for PUSCH repetition type A with K=1. Specification change is not needed.
Observation 3. Rel-17 2-step available slot counting procedure works without any constraint on whether the first slot indicated by K2 offset is available slot or not. Specification change is not needed.
The following proposals have been made:
Proposal 1. Further restriction on K2 offset for available slot counting in Rel-17 is not supported.
Proposal 2. RAN1 to adopt the following TP for Clause 6.3.1 of TS 38.214 (changes are highlighted in red).
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