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1 Introduction

In RAN Plenary #88 e-meeting, one objective of the SID for NR 52.6-71GHz is,

· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz

· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments.

· Identify potential critical problems to physical signal/channels, if any.
In this contribution, we focus on required changes to physical layer for NR operating on 52.6-71GHz.  
2 Discussion
2.1 Numerology design
In last R1 #101 meeting, two sets of evaluation parameters about SCS of PDSCH/PUSCH has been agreed. One set (denoted as set A) fixed at 400MHz channel bandwidth, with relatively lower SCS from 120-960kHz. And another set (set B) fixed at 2GHz channel bandwidth with relatively higher SCS from 480-1920kHz.

For set A, lower SCS brings better coverage, hence is especially suitable for data, such as system information, that needs to be broadcasted. And if 120kHz is adopted, the current FR2 design can even be reused. But lower SCS will lead to more severe phase noise, which can be alleviated by lower MCS order and enhanced PTRS design. For example, for RMSI/OSI using 120kHz SCS, lower MCS such as QPSK can be used. For data transmission on PDSCH/PUSCH in general, enhanced PTRS design, such as PTRS with higher density, can be configured to fight against phase noise.

For set B, higher SCS brings higher potential to cope with phase noise, and alone with a 2GHz channel bandwidth, which means much higher peak data rate compared to set A. But SCS as large as 1920 kHz will lead to very limited coverage, maybe only suitable for some indoor scenario such as home/small scale meeting room. And it also means much higher chip rate at the UE side and will increase the UE complexity.    

Based on the above analysis, we propose that both lower SCS with 400 MHz and higher SCS with 2GHz should be supported, since they apply to different scenarios. Solutions to tackle phase noise and enhance coverage should be further studied if evaluations prove there is the need.
Proposal 1: Both lower and higher SCS should be supported to apply in different scenarios. Solutions to tackle phase noise and enhance coverage should be further studied.
2.2 Required changes on processing timelines
For PDSCH processing timeline, the current spec define the minimum time duration between the end of the last symbol of PDSCH and the start of the first symbol of corresponding HARQ-ACK by 
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, where N1 is based on µ of table 5.3-1 and table 5.3-2 in TS 38.214 as below for UE processing capability 1 and 2 respectively and in current spec µ is at most 3. If SCS higher than 120kHz is adopted, N1 value for µ larger than 3, for example, µ=4/5/6/7 should be defined. And similar as in FR1/2, UEs operating on FR2x with different capabilities may have different processing timelines for the same µ, so UE capability should be considered for determining the processing timeline. 
Table 5.3-1: PDSCH processing time for PDSCH processing capability 1
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 

or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


Table 5.3-2: PDSCH processing time for PDSCH processing capability 2
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	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB

	0
	3

	1
	4.5

	2
	9 for frequency range 1


The same issue exists for PUSCH processing and CSI computation, N2/Z1/Z2/Z3 value for µ larger than 3 should also be defined with consideration of different UE processing capabilities/CSI computation delay requirements.
Proposal 2: For PDSCH/PUSCH processing, N1/N2 values for µ larger than 3 should be defined with consideration of different UE processing capabilities.

Proposal 3: For CSI computation, Z1/Z2/Z3 value for µ larger than 3 should be defined with consideration of different CSI computation delay requirements.
For PDSCH to HARQ-ACK timing, k1 value in the scheduling DCI  indicates the gap between the slot containing PDSCH and the slot containing the corresponding HARQ-ACK. Currently, the value range for k1 is 0~15. But if higher SCS than 120kHz is adopted, the value range should be extended since a slot will be much shorter. For example, a slot with 960kHz SCS in time length only equals 0.125 slot with 120kHz. And for the same reason, the value range of k2, which indicates the gap between the slot containing PUSCH and the slot containing the corresponding UL grant, should also be extended.
Proposal 4: For PDSCH to HARQ-ACK timing, the value range of k1 should be extended to facilitate SCS higher than 120kHz.
Proposal 5: For UL grant to PUSCH timing, the value range of k2 should be extended to facilitate SCS higher than 120kHz.

2.3 Required changes on UE 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 FR2x with SCS as large as 960/1920kHz, 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 960/1920kHz. So it is necessary that UE processing capability for PDSCH/PUSCH is defined for higher SCS.

Proposal 6: UE processing capability for PDSCH/PUSCH should be defined for SCS higher than 120kHz
Another UE processing capability that may need to be designed is PDCCH blind decoding. PDCCH blind decoding capability includes maximum number of PDCCH candidate per slot and non-overlapping CCE per slot. And current spec only contain the blind decoding capability with µ<=3. In FR2x with SCS as large as 960/1920kHz, based on the analysis above, UE may not be able to process PDSCH/PUSCH in every slot, for example, if UE can only process one TB of PDSCH/PUSCH in every 4 slots with SCS 960kHz, then it is not necessary for the gNB to configure PDCCH monitoring occasions in every slot and UE does not need to monitor DCI in every slot as well. A reasonable behaviour is that gNB configure PDCCH monitoring occasions in one or two slots out of every 4 slots and UE only need to monitor DCI in one or two slots out of every 4 slots. And UE can switch to micro sleep mode during the slots with no PDCCH to save power. So that for higher SCS, a suitable definition for PDCCH blind decoding capability should be multiple slot-based instead of one slot-based. For example, PDCCH blind decoding capability may include maximum number of PDCCH candidate per N slots and non-overlapping CCE per N slots.
With multiple slot-based PDCCH blind decoding capability definition, UE can flexibly concentrate its decoding capability and provide more PDCCH candidates/non-overlapping CCEs for DCIs in one or two slots out of every 4 slots, thus achieve better diversity gain, rather than split its capability in every slot even if there is no DCI in the slot at all.

Proposal 7: Multiple slot-based UE processing capability for PDCCH blind decoding for should be defined for µ larger than 3.

3 Conclusions

In this contribution, we discuss required changes to physical layer for NR operating on 52.6-71GHz.  
Proposal 1: Both lower and higher SCS should be supported to apply in different scenarios. Solutions to tackle phase noise and enhance coverage should be further studied.
Proposal 2: For PDSCH/PUSCH processing, N1/N2 values for µ larger than 3 should be defined with consideration of different UE processing capabilities.

Proposal 3: For CSI computation, Z1/Z2/Z3 values for µ larger than 3 should be defined with consideration of different CSI computation delay requirements.
Proposal 4: For PDSCH to HARQ-ACK timing, the value range of k1 should be extended to facilitate SCS higher than 120kHz.

Proposal 5: For UL grant to PUSCH timing, the value range of k2 should be extended to facilitate SCS higher than 120kHz.
Proposal 6: UE processing capability for PDSCH/PUSCH should be defined for SCS higher than 120kHz.
Proposal 7: Multiple slot-based UE processing capability for PDCCH blind decoding for should be defined for µ larger than 3.
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