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1	Introduction
In RAN#90-e, a new work item for NR coverage enhancements in Rel-17 has been approved with following objectives for in RP-202925 [1]:
· Specification of PUSCH enhancements [RAN1, RAN4]
· 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.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

Furthermore, following agreements related to single TB processing over multi-slot PUSCH have been made in RAN1#103-e [2]:

Agreements: Capture the followings into the TR
· TB processing over multi-slot PUSCH was studied from several aspects, including TBS determined based on single slot and transmitted in parts over multiple slots, TBS determined based on multiple slots and transmitted over multiple slots.
· Potential specification impacts of TB processing over multi-slot PUSCH include:
· TDRA (Time-Domain Resource Allocation), TBS determination, RV determination.
· Note that power consistency, phase continuity and enhancements for DM-RS configurations may or may not be required depending on factors such as cross-slot channel estimation, etc.

Agreements: Capture the following observation into the TR.
TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:
· TBS determined based on multiple slots and transmitted over multiple integer slots.

 In this contribution, we provide our views on enhancements needed for PUSCH repetition type A for improved coverage.

2	TB processing over multi-slot PUSCH
In the WID, supporting single TB processing over multi-slot PUSCH is one of the objectives related to PUSCH coverage enhancements. In our view, one of the main aspects to consider is the time-domain resource allocation for multi-slot PUSCH. One straightforward solution could be to consider extending the S+L >14 even for PUSCH mapping type A, where S = 0. This implies to simply extend the support for higher values of L beyond 14. However, depending on the number of slots for scheduling a PUSCH with single TB, the maximum value to be supported for L could be quite high. For example, for multi-slot PUSCH spanning 4 slots, L up to 56 should be supported. This could drastically increase the TDRA table size. Other possibility could be to simply follow the indication for number of repetitions. Basically, when single TB transmission over multi-slot PUSCH is configured to a UE, then the number of repetitions indicated by TDRA table could imply the number of slots to determine the length of the multi-slot PUSCH. For example, indicating number of repetitions as 4 would imply 4 slots or alternatively L=56 for multi-PUSCH transmission. However, such mechanism will have a limitation that the duration for multi-slot PUSCH has to be always in multiples of 14 symbols. This is even further limitation on the PUSCH mapping type A, where S= 0, but L can have values smaller than 14 i.e. a PUSCH can occupy partial slot. For multi-slot PUSCH scheduling also, similar possibility should be supported such that the last slot of the multi-slot PUSCH can be partially occupies and UE is not always limited to scheduling in multiples of 14 symbols. For such scheduling, no specific signalling enhancement is needed, but just the existing fields in the TDRA table have different interpretation when single TB transmission over multi-slot PUSCH is configured. In this case, a TDRA table index could indicate both the number of repetitions (i.e. number of slots for multi-slot PUSCH) and L with values ranging from 1-13. For example, if number of slots indicates is 3 and L=4 is indicated with PUSCH mapping type A, then the time domain resource allocation for multi-slot PUSCH is shown in Figure 1, where single TB is transmitted on multi-slot PUSCH spanning 2 slots completely and 4 symbols in the third slot (last slot).


Figure 1: Example of multi-slot with partial symbols in the last slot

Proposal 1: For one TB processing over multi-slot PUSCH in NR coverage enhancements in Rel-17, support time-domain resource allocation enhancement to indicate multiple number of slots for multi-slot PUSCH and length L (value ranging from 1-13 symbols) for the last slot to allow partial slot occupation at the end and avoid scheduling restriction to only multiples of 14 symbols
Another aspect to consider is how to support frequency hopping for multi-slot PUSCH. One straightforward solution would be applying the current mechanism and support both intra-slot and inter-slot frequency hopping. For inter-slot frequency hopping, basically slot duration is equal to one hop. However, if multi-slot PUSCH is applied along with DM-RS bundling for joint channel estimation, then it would be useful to support frequency hop for duration of more than one slot. For signalling such enhancements, different possibilities can be considered. One possibility would be to simply support 2 hops where the duration for each hop is half of the total duration of multi-slot PUSCH. Other possibility for more flexible frequency hopping pattern would be support indication for frequency hop duration or number of frequency hops for the scheduled multi-slot PUSCH. Further possibility to associated frequency hop duration and DM-RS bundle duration. In this case, if either of the two is indicated, then the other is implied to be indicated, provided UE is enabled with frequency hopping and DM-RS bundling, as illustrated in Figure 2.

Proposal 2: For one TB processing over multi-slot PUSCH in NR coverage enhancements in Rel-17, support multi-slot frequency hopping and multi-slot DM-RS bundling for joint channel estimation for entire hop
· Association between frequency hop duration and DM-RS bundle duration should be considered


Figure 2: Example multi-slot frequency hopping with DM-RS bundling for multi-slot PUSCH

3	Conclusion
In this section, we summarize the observation/proposals from above section:
Proposal 1: For one TB processing over multi-slot PUSCH in NR coverage enhancements in Rel-17, support time-domain resource allocation enhancement to indicate multiple number of slots for multi-slot PUSCH and length L (value ranging from 1-13 symbols) for the last slot to allow partial slot occupation at the end and avoid scheduling restriction to only multiples of 14 symbols
[bookmark: _GoBack]Proposal 2: For one TB processing over multi-slot PUSCH in NR coverage enhancements in Rel-17, support multi-slot frequency hopping and multi-slot DM-RS bundling for joint channel estimation for entire hop
· Association between frequency hop duration and DM-RS bundle duration should be considered
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