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1 Introduction

In RAN1 #102 e-meeting, part of the agreements made in NR 52.6-71GHz are,
Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 

· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;

· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;

· If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).

Agreement:
· Study whether or not different SSB patterns should be supported for licensed and unlicensed bands.

· For each licensed and unlicensed band, if issues are identified for reuse of existing SSB, consider at least the following aspects for SSB

· Beam switching gap between SSB(s) and between SSB and other signal(s)/channel(s)

· SSB pattern in time domain

· Whether or not it is needed to define a transmission window (such as DRS window), and if needed, number of SSB transmission opportunities within a transmission window

· For each licensed and unlicensed band, if issues are identified for reuse of all or some of the existing SSB and CORESET#0 multiplexing pattern, consider at least the following aspects for SSB, CORESET#0, and other signal/channel design

· Supported multiplexing pattern type(s) (Pattern 1, 2, and/or 3) for SSB and CORESET#0 multiplexing.

· Multiplexing of other signal/channels (e.g. RMSI, paging, CSI-RS) with SSB

· Configuration of Type0-PDCCH search space set 

Agreement:
Consider at least the following aspects of processing timelines for new SCS (if agreed) that are not currently supported,

· appropriate configuration(s) of k0, k1, k2,

· PDSCH processing time (N1),

· PUSCH preparation time (N2),

· HARQ-ACK multiplexing timeline (N3)

· CSI processing time, Z1, Z2, and Z3, and CSI processing units

· Any potential enhancements to CPU occupation calculation

· Related UE capability(ies) for processing timelines

· minimum guard period between two SRS resources of an SRS resource set for antenna switching

Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS

· For new SCS, if agreed, that are not supported in Rel-15/16 NR,

· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit

· e.g. slot as Rel-15, or new scheduling/monitoring unit

· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed

· e.g. increased minimum PDCCH monitoring unit

· potential enhancements for CORESET, if needed

· related UE capability(ies) for PDCCH processing

Agreement:
Consider at least the following aspects of scheduling for BWP with a given SCS

· Study of frequency domain scheduling enhancements/optimization for PDSCH/PUSCH, if needed

· e.g. 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) is supported

· Study of time domain scheduling enhancements for PDSCH/PUSCH, if needed

· e.g. increasing the minimum time-domain scheduling unit to be larger than one symbol, supporting multi-PDSCH scheduled by one DCI, supporting one TB mapped to multiple slots (i.e., TTI bundling)

· Study potential enhancements or alternatives to the scheduling request mechanism to reduce scheduling latency due to beam sweeping, if needed

In this contribution, we focus on required changes to physical layer for NR operating on 52.6-71GHz on processing timeline and scheduling enhancement.  
2 Discussion
2.1 Impacts on physical signal/channels

For NR above 52.6GHz, both licensed and unlicensed band should be considered in the Rel_17 study item. There are two SSB patterns in NR Rel_15 for FR2, and they can also be considered for higher frequency for reusing the NR design. For unlicensed bands in Rel_16, due to coexistence with other unlicensed system along with regulation compliance, candidate SSB positions are introduced in NR-U design, and could be considered in Rel_17 as well. However, when we look at the case D off SSB pattern, there are no candidate positions in the 5ms SSB burst when  [image: image2.png]Lnax = 64



. Thus, one option(option 1) is that we study both 120kHz and 240kHz SCS for SSB, the other option(option 2) is that only SCS of 240k Hz for SSB is considered for unlicensed band above 52.6GHz. As what is discussed in Rel_16, 60k SCS is not considered for less specific effort, only 30k SCS is specified. Similarly , 240 kHz SCS for SSB could be considered as the only option for NR above 52.6GHz if no higher SCS of SSB is introduced. For unlicensed band, we suggest to keep NR-U design of the SSB candidate transmission window. If higher SCS than 240kHz for SSB is considered or the option1 above is studied, more specification impact could be foreseen..
On the other hand, higher SCS up to 960k Hz is proposed by many companies in previous RAN1 meeting since up to 5~14GHz bandwidth may be regulated for unlicensed deployment, and wideband operation higher than 400MHz is possible and the OCB requirement for unlicensed band is considered as well. It is agreed that the candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz in RAN1#102-e.  Except for the frequency band and bandwidth, the phase noise issue using current defined SCS for FR2 is considered. So, for data channel, higher SCS than 120kHz should be considered, inconsequence, more than one SCS for data should be supported for above 52.6GHz. With more SCS options, the indication of SCS and the offset in frequency domain should be further studied.
Proposal 1: 240 KHz SCS for SSB can be an option for unlicensed band above 52.6GHz.
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 if agreed.
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 if agreed.
For PDSCH to HARQ-ACK timing, appropriate K1 values should be discussed for potential new SCS. One issue is the default K1value, which is used 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. Last meeting, we agreed to investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit. Here the ‘time unit’, may indicate multiple slots instead of a single slot as defined in R15/16. From our understanding, define PDCCH monitoring capability per multiple slots is beneficial, since it may not be necessary for gNB to schedule PDSCH/PUSCH in every slot with SCS large as 480/960 KHz. gNB can configure PDCCH monitoring occasions in one or two slots out of every N slots and UE only need to monitor DCI in one or two slots out of every N slots. So that UE can switch to micro sleep mode during the slots with no PDCCH to save power.
However, compared with defining PDCCH monitoring capability per single slot, defining PDCCH monitoring capability per multiple slots 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  X1/Y1 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 X2/Y2 of BDs/CCEs for PDCCH monitoring per multiple slots and gNB scheduling DCI in a bursty way, 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) should be considered if defining maximum number of BDs/CCEs for PDCCH monitoring per multiple slots .
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 can be a solution to reduce DCI blind decoding, and is reasonable since channel condition won’t vary too much in continuous multiple slots with slot duration short as 1/32ms or even less. A related issue is how to do HARQ-ACK feedback for multi-TTI scheduling. 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.  
Proposal 6: HARQ-ACK feedback mechanism for multi-TTI scheduling should be studied.
3 Conclusions

In this contribution, we discuss required changes to physical layer for NR operating on 52.6-71GHz on processing timeline and scheduling enhancement.  
Proposal 1: 240 KHz SCS for SSB can be an option for unlicensed band above 52.6GHz if no higher SCS is considered.
Proposal 2: For PUSCH scheduled by RAR or by the fallback RAR, Δ value should also be considered for new SCS if agreed.
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) should be considered if defining maximum number of BDs/CCEs for PDCCH monitoring per multiple slots .
Proposal 6: HARQ-ACK feedback mechanism for multi-TTI scheduling should be studied.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.
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