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1 Introduction

In RAN #90 e-meeting, some agreements on PDSCH/PUSCH enhancements are made for NR 52.6-71GHz,
Agreement:
In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported.  

· Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz

Agreement:
Time line related aspects adapted to each of the new numerologies 480kHz and 960kHz, e.g., BWP and beam switching timings, HARQ scheduling timing, UE processing, preparation and computation timelines for PDSCH, PUSCH /SRS and CSI, respectively.
Agreement:
Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI

· Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
In this contribution, we focus on PDSCH/PUSCH processing capability, processing timeline and scheduling enhancement for NR 52.6-71GHz.  
2 Discussion
2.1 PDSCH/PUSCH processing capability
In current spec, UE processing capability for PDSCH/PUSCH with SCS 15-120kHz can be 1/2/4/7 TB per slot, and the processing capability will be reported by UE to gNB. But in NR 52.6-71GHz with SCS as large as 480/960kHz, it is quite a challenge to be able to process PDSCH/PUSCH in every slot, since the slot is much shorter than a slot with 15-120kHz SCS. It is possible that UE can only process 1 TB of PDSCH/PUSCH in several slots with higher SCS like 480/960kHz. So it is necessary that UE processing capability for PDSCH/PUSCH is defined for higher SCS.

Proposal 1: UE processing capability for PDSCH/PUSCH should be defined for SCS 480/960kHz to allow 1 TB of PDSCH/PUSCH per several slots.
2.2 Processing timeline
In R1 #102 e-meeting, it is agreed that, PUSCH preparation time N2 should be considered for new SCS if new SCS is adopted, since current N2 value only cover SCS 15-120KHz. However, N2 value is only related to PUSCH scheduled by DCI, and for PUSCH scheduled by RAR or by the fallback RAR, another preparation time value Δ, as referred to TS 38.214 and copied below, is specified to the PUSCH subcarrier spacing µPUSCH , and is applied in addition to the K2 value. Same as the discussion for N2 value, Δ value should also be considered for new SCS 480/960kHz.
Table 6.1.2.1.1-5: Definition of value Δ
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6


Proposal 2: For PUSCH scheduled by RAR or by the fallback RAR, Δ value should also be considered for new SCS 480/960kHz.
For PDSCH to HARQ-ACK timing, appropriate K1 values should be discussed for potential new SCS. One issue is the default K1 value, which is indicated when PDSCH is scheduled by DCI 1-0 mostly used before dedicated RRC configuration. As shown in TS 38.213, the default K1value, which is PDSCH-to-HARQ_feedback timing indicator field values in DCI 1-0 map to {1, 2, 3, 4, 5, 6, 7, 8}. With SCS increasing to as large as 480/960 Khz, the default K1value should accordingly be specified to be larger numbers to accommodate new SCS. However, the number of default values in K1 set should be restricted to be 8 as maximum, so that the bit-width of PDSCH-to-HARQ_feedback timing indicator field in DCI 1-0 can be kept the same. A possible solution is to separately specify different default K1 value sets for different SCS, and each set with a maximum number of 8 values. 
Proposal 3: Specify different default K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-0 unchanged.
Same reason, for RRC configurable K1 value range, which is used when PDSCH is scheduled by DCI 1-1/1-2, the current range of 0~15 should be extended to, for example, 0~128 to cover higher SCS, but the actually configured K1 values in dl-DataToUL-ACK should also be restricted to be 8 at most, so that the PDSCH-to-HARQ_feedback timing indicator field can be kept to 3 bits at most. A possible solution is to separately configure different default K1 value sets for different SCS, and each set with a maximum number of 8 values.
Proposal 4: Configure different K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-1/DCI 1-2 unchanged.
Another factor that needs to be considered for processing timeline N1/N2 is the PDCCH monitoring pattern. In RAN #90 e-meeting, we have agreed to study multi-slots span PDCCH monitoring.
However, compared with defining PDCCH monitoring capability per single slot, defining PDCCH monitoring capability per multi-slots span would allow gNB scheduling DCI in a bursty way and may cause the UE to spend more time on decoding all the DCIs scheduled in a DCIs burst, which will impact the scheduled PDSCH/PUSCH processing. For example, with maximum number of B1/C1 of BDs/CCEs for PDCCH monitoring per single slot, UE is able to decode the all the DCIs in PDCCH in 1 symbol from the end of the PDCCH. But with maximum number of 4*B1/4*C1 of BDs/CCEs for PDCCH monitoring per 4-slot span and gNB scheduling DCI just in a single slot, UE may need extra 2 symbols to guarantee to decode the all the DCIs in PDCCH, thus cause the decoding time of PDSCH(N1) and preparation time of PUSCH(N2) may need to be extended as well.
Proposal 5: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring.
2.3 Scheduling enhancements
In R1 #102e, it is agreed that frequency domain scheduling enhancement can be studied, such as potential impact to UL scheduling if frequency domain resource allocation with different granularity than FR1/2 (e.g. sub-PRB, or more than one PRB). From our understanding, a coarser granularity such as multiple PRBs can reduce the bit size of scheduling DCI, and is reasonable since there would be less opportunity for FDM between UEs due to narrower beam width. To allow multi-PRB granularity, the current DCI 0-2/1-2 can be reused. DCI 0-2/1-2 is motivated by URLLC traffic to provide compact DCI format, and can allocate frequency domain resource by multi-PRB granularity.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

For time domain scheduling enhancement, multi-TTI scheduling is supported as a solution to reduce DCI blind decoding. One issue needs to be studied is how to determine the number of scheduled TTIs, and two typical alternatives can be   semi-static configuration by RRC information or dynamic indication by DCI. Since the motivation of multi-TTI scheduling is to reduce DCI blind decoding complexity, which is related to UE capability, it seems semi-static configuration by RRC information is suitable.
However, dynamic indication can offer more flexibility and show benefits especially in the following cases,

1, The Tx does not have that much data in buffer to fill in multiple TTIs. For example, the number of scheduled TTIs is semi-statically configured as 4, but Tx has only buffered a few bits and 1 TTI is already enough.
2. When Tx needs to retransmit certain number (not the number of scheduled TTIs semi-statically configured) of TBs.

In the above cases, dynamic indication by DCI can flexibly indicate the number of scheduled TTIs rather than always scheduling fixed number of TTIs thus avoiding unnecessary resource overhead. 
Proposal 6: Support dynamic indication by DCI to determine the number of scheduled TTIs.

With multiple TTI being scheduled in single DCI, very possibly only one frequency resource allocation is indicated in the DCI to keep a compact DCI size. However with PDSCH/PUSCH scheduled in the same frequency resource location over multiple TTIs, frequency domain diversity is not well tapped. Potential solution can be intra-TTI frequency hopping, so hopping pattern and enabling mechanism can be studied. 
Proposal 7: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
Another issue is how to do HARQ-ACK feedback for the multiple scheduled PDSCH by one DCI. Possible solution would be feedback the HARQ-ACK information of multiple PDSCHs in a single PUCCH resource to reduce resource overhead. Other solutions can be further studied. 
And since the increase in SCS to 480/960kHz, HARQ process number may need to be extend from the current 16 to 64/128. With so many HARQ process, Tx/Rx HARQ buffer capacity will needs to be enhanced and HARQ-ACK payload optimization may also need to be considered to reduce HARQ-ACK feedback overhead.
Proposal 8: Tx/Rx HARQ buffer capacity will needs to be enhanced if HARQ process number increases for SCS 480/960kHz.
Proposal 9：HARQ-ACK payload optimization may need to be considered to reduce HARQ-ACK feedback overhead if HARQ process number increases for SCS 480/960kHz.
Proposal 10：Possible solution to reduce overhead is to feedback the HARQ-ACK information of multiple PDSCHs scheduled by one DCI in a single PUCCH resource.
3 Conclusions

In this contribution, we focus on PDSCH/PUSCH processing capability, processing timeline and scheduling enhancement for NR 52.6-71GHz.   
Proposal 1: UE processing capability for PDSCH/PUSCH should be defined for SCS 480/960kHz to allow 1 TB of PDSCH/PUSCH per several slots.
Proposal 2: For PUSCH scheduled by RAR or by the fallback RAR, Δ value should also be considered for new SCS 480/960kHz.

Proposal 3: Specify different default K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-0 unchanged.

Proposal 4: Configure different K1 value sets for different SCS, and each K1 set with a maximum number of 8 values to keep the K1 bit field in DCI 1-1/DCI 1-2 unchanged.

Proposal 5: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered if defining maximum number of BDs/CCEs for multi-slot span PDCCH monitoring.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

Proposal 6: Support dynamic indication by DCI to determine the number of scheduled TTIs.

Proposal 7: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
Proposal 8: Tx/Rx HARQ buffer capacity will needs to be enhanced if HARQ process number increases for SCS 480/960kHz.

Proposal 9：HARQ-ACK payload optimization may need to be considered to reduce HARQ-ACK feedback overhead if HARQ process number increases for SCS 480/960kHz.
Proposal 10：Possible solution to reduce overhead is to feedback the HARQ-ACK information of multiple PDSCHs scheduled by one DCI in a single PUCCH resource.
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