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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
NR specifications that have been developed in Rel-15 and Rel-16 define operation for frequencies up to 52.6GHz, where all physical layer channels, signals, procedures, and protocols are designed to be optimized for users under 52.6GHz. In RAN#86, a new Rel-17 SI (study item) focusing on band between 52.6GHz and 71GHz was approved targeting the imminent commercial opportunities for high data rate communications. The SI will include the following objectives [1]:
· 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 [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.
In this contribution, we would discuss the required changes for frequencies between 52.6GHz & 71GHz.
2. Potential required changes
2.1 Bandwidth and Numerologies 
In Rel-15/Rel-16, NR supports a maximal bandwidth as 400MHz on a carrier. For above 52.6 GHz, the maximal bandwidth may be extended, considering the sustainable design on higher frequency above 71GHz. If larger bandwidth is supported, whether additional numerologies (e.g., 480kHz, 960kHz) will be introduced need to be discussed. The supported numerologies are summarized as in Table 1 [2].
Table 1: Supported transmission numerologies.
	

	

	Cyclic prefix

	0
	15
	Normal

	1
	30
	Normal

	2
	60
	Normal, Extended

	3
	120
	Normal

	4
	240
	Normal


  Note that it needs FFS that whether all the channels or parts of channels (PDSCH/PUSCH) will introduce the additional numerologies. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]2.2  Initial Access

If new numerologies are introduced for data channel, whether additional numerologies are introduced or not for preamble/PRACH/SSB needs to be discussed. Also, the combinations of ∆fRA, ∆f and corresponding parameter  of Table 6.3.3.2-1 in TS38.211 and other related tables need to be upgraded.
In Rel-15/Rel-16, beam related access operation has been specified especially for mmW. Further, considering the larger propagation loss caused by high atmospheric absorption, it may happen that only one beam would not provide good performance. To improve the coverage and access robustness, the beam information could be transmitted during Msg3, and gNB could use multiple beams to transmit the Msg4. The related discussion could be found in our contribution [3].
2.3  UE processing time for PDSCH or CSI
Currently, NR supports two UE capabilities (UE capability 1 and UE capability 2) for PDSCH/CSI or other channels processing. UE capability 2 has stronger capability than UE capability 1. The PDSCH processing time for UE capability 1 and UE capability 2 are presented in Table 2 and Table 3 [4]. Similarly, CSI computation time or delay requirement could be found in Table 5.4.1 and Table 5.4.2 in TS 38.214.
Table 2: PDSCH processing time for PDSCH processing capability 1
	

	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 high layer parameter is not configured 

	0
	8
	13

	1
	10
	13

	2
	17
	20

	3
	20
	24



Table 3 PDSCH processing time for PDSCH processing capability 2
	

	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



They show that the specific decoding time for PDSCH (same as other channels) relates to the configured numerologies. That is, if new numerologies are introduced, the corresponding UE processing time need to be identified in the spec. Note that, whether two UE capabilities are required for above 52.6 GHz need to be discussed. For higher frequencies, as the symbol duration is small, maybe only one UE capability could satisfy the requirements.
2.4  Time domain scheduling
For larger numerology [e.g., 480kHz], the symbol duration is reduced further [e.g., as 2.48us for 480kHz]. Time-domain scheduling could be considered for DCI overhead reduction while the transmission latency would not be increased. Specifically, when one BWP is configured for a UE, the resource allocation type could be configured through a high layer parameter. If time-domain scheduling is configured, the frequency resource is fixed as all the RBs of the BWP and only time-domain scheduling is needed. That is, the field of frequency domain resource allocation in the DCI is not needed any more for overhead reduction.  
2.5  Others
Besides the aspects mentioned above, phase noise, beam management overhead reduction or other aspects could be considered for higher frequency. For higher frequency, whether the current PTRS could satisfy requirement or not needs to be studied. For beam management, up to [64] CSI-RS could be configured for beam measurement. More CSI-RS or SSB may be introduced for larger numerology and possible narrower beam. Also, PDCCH/CORSET and PDSCH may always have the same QCL by default for data scheduling.    
3. Conclusion
In this contribution, multiple aspects on required changes for frequencies between 52.6GHz & 71GHz are discussed. Based on the discussion, we have the following proposal: 
Proposal 1: Larger bandwidth and additional numerologies could be considered for frequencies between 52.6GHz & 71GHz. Further, the changes for channel access, UE processing time, time-domain scheduling and beam management overhead reduction could be studied.   
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