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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#86, a new SI has been approved for supporting NR from 52.6 GHz to 71 GHz in NR Rel. 17 with following objectives captured in [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.   

Furthermore, agreements that have been made in RAN1#102-e [2] are listed in appendix section 5.2

In this contribution, we discuss and provide our views on following aspects related physical layer impacts beyond 52.6 GHz and also provide link level simulation results for some of the aspects. In addition, we provide additional link level simulation results in our contribution R1-2007560 [3].
· On the need of new numerology (higher SCS values) to alleviate phase noise impacts
· Cyclic prefix requirements for new numerology, if agreed to be supported
· Phase noise compensation requirements for new numerology, if agreed to be supported
· PT-RS requirements
· DM-RS enhancements, if agreed to be supported
· SSB structure enhancements, if agreed to be supported
· CSI-RS processing and CPU availability related enhancements for new numerology, if agreed to be supported
· PDCCH monitoring capability and time-domain scheduling enhancements for new numerology, if agreed to be supported
· Beam-management related enhancements for new numerology, if agreed to be supported
· BWP switching/adaptation related enhancements for new numerology, if agreed to be supported
· UL interlacing enhancements for new numerology, if agreed to be supported

In this contribution, higher or new numerology (subcarrier spacing values) refer to new values that are currently not supported in NR Rel. 16. 

2	Discussion

2.1 On the need for new numerology (higher SCS values)
In order to support NR in higher frequency range such as beyond 52.6 GHz, one of the key issues is to study the impact of RF impairments such as phase noise and whether further enhancements are needed to fulfil the performance requirements for different use cases that are expected to be supported in this frequency range. 

Currently in NR, for data channels, SCS up to 120 kHz can be applied i.e. numerology with =0,1,2,3, where μ=0,1 is mainly for FR1 and μ=3 is for FR2. μ=2 is optional UE feature. Now, if we consider numerologies higher than 120 kHz for FR beyond 52.6 GHz, one of the major concerns is the phase noise impact. Therefore, higher numerologies should be considered only if significant performance gain for phase noise reduction is demonstrated in comparison to existing numerologies.

Proposal 1: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, higher subcarrier spacing (numerologies) than 120 kHz should be adopted only if there is a significant performance gain in terms of phase noise reduction in comparison to existing subcarrier spacing (numerologies).

According to the agreed limitation of maximum FFT size of 4096 (up to 275 RB allocation), with the subcarrier spacing of 120 kHz, the maximum bandwidth size for single CC can be up to 400MHz. Based on similar assumption, table 1 illustrates the combination of different subcarrier spacings and maximum CC BW size (maximum FFT size of 4096). 

Table 1: Subcarrier spacing and maximum CC BW size for FFT size 4096
	Subcarrier spacing (numerology μ)
	Maximum CC BW size for FFT size 4096

	120 kHz (μ = 3)
	400MHz

	240 kHz (μ = 4)
	800MHz

	480 kHz (μ = 5)
	1600MHz

	960 kHz (μ = 6)
	3200MHz

	1920 kHz (μ = 7)
	6400MHz


 
In Wi-Fi in the 60 GHz band, the carrier BW size supported is ~2 GHz and if similar scale is envisioned for NR-U operation in 60 GHz band with a single CC, then 960 kHz of subcarrier spacing would be sufficient to support very large CC BW size. From this perspective, subcarrier spacing up to 960 kHz should be sufficient and much higher subcarrier spacing should only be considered if there are significant performance gains.

For this purpose, we simulate PDSCH with different SCS values including 120kHz, 240kHz, 480kHz, 960kHz and 1920MHz with different MCS values including MCS7 (QPSK), MCS16 (16QAM) and MCS22 (64QAM). 1-symbol front-loaded DM-RS type 1 configuration is applied for real channel estimation, unless otherwise is specifically mentioned. More detailed simulation parameters are shown in appendix section 5.1.

In Figure 1, we show the results for different SCS values with 400MHz carrier BW and different delay spread values. 
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a) Delay spread: 5ns					b) Delay Spread: 10ns
Figure 1: BLER vs SNR for PDSCH with 400MHz BW for 60GHz carrier frequency


Based on the results in Figure 1, following observations can be made:

Observation 1: For lower MCS (QPSK) and mid-range MCS (16QAM), there is minor performance difference between different SCS values up to 960kHz with 400MHz bandwidth.

Observation 2: For higher MCS (64QAM), there is considerable performance gain, with 960kHz performing the best, while 120kHz performing the worst with 400MHz bandwidth.

Observation 3: For higher MCS (64QAM), for 10% BLER target, the performance is almost same for 960kHz and 480kHz subcarrier spacing, but for 1% BLER target, the performance for 960kHz is significantly better than 480kHz





In Figure 2, we show the results for different SCS values with 2GHz carrier BW and different delay spread values. 
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a) Delay spread: 5ns					b) Delay Spread: 10ns
Figure 2: BLER vs SNR for PDSCH with 2GHz BW for 60GHz carrier frequency

Based on the results in Figure 2, following observations can be made:

Observation 4: For lower MCS (QPSK) and mid-range MCS (16QAM), there is minor performance difference between 960kHz and 1920kHz with 400MHz bandwidth.

Observation 5: For higher MCS (64QAM), there is some performance gain with 1920kHz in comparison to 960kHz


2.2 Impact on cyclic prefix length for higher delay spreads

Another important aspect to consider when evaluating higher subcarrier spacing is the cyclic prefix length required to support high delay spreads. Although increasing the subcarrier spacing may help to negate the phase noise impact and improve the BLER, the cyclic prefix length decreases along with the symbol length with increasing subcarrier spacing, and might need to be extended such that the cyclic prefix length is greater than the maximum channel delay spreads that need to be supported for different use cases in higher frequency range. Consequently, the overall spectral efficiency might suffer due to extended cyclic prefix length. In RAN1#102-e, it has been agreed that ECP is not expected to be supported for SCS values up to 240kHz. It needs to be investigated, if ECP is beneficial for higher SCS such as 480kHz and beyond and how does it perform in comparison to lower SCS values with NCP.

For this purpose, we simulate different SCS values with higher delay spread and compare performance between normal cyclic prefix and extended cyclic prefix, as shown in Figure 3 and 4, for 400MHz and 2GHz BW, respectively. 
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a) BLER vs SNR						b) Throughput vs SNR
Figure 3: NCP vs ECP for PDSCH with 400MHz BW for 60GHz carrier frequency and delay spread 40ns
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a) BLER vs SNR						b) Throughput vs SNR
Figure 4: NCP vs ECP for PDSCH with 2GHz BW for 60GHz carrier frequency and delay spread 20ns

Based on Figure 3 and 4, following observations can be made:

Observation 6: For 400MHz BW, when higher delay spread value such as 40ns is simulated for SCS values up to 960kHz, it can be observed that the BLER is significantly improved for 960kHz with extended CP and it performs best in terms of BLER, however, the effective throughput is compromised due to larger overhead of extended CP and therefore, 480kHz with normal CP performs best in terms of throughput.

Observation 7: For 2GHz BW, when higher delay spread value such as 20ns is simulated for SCS values of 960kHz and 1920kHz, it can be observed that the BLER is significantly improved for 1920kHz with extended CP and it performs best in terms of BLER, however, the effective throughput is compromised due to larger overhead of extended CP and therefore, 960kHz with normal CP performs best in terms of throughput.

Based on the observations 1-7, following proposals should be considered for adopting new numerology (higher subcarrier spacing values) for NR beyond 52.6GHz:

Proposal 2: For supporting NR operation between 52.6GHz and 71GHz in Rel. 17, if 480kHz SCS is agreed to be supported, then only normal cyclic prefix is sufficient

Proposal 3: For supporting single carrier bandwidth of ~2GHz for NR operation between 52.6GHz and 71GHz in Rel. 17, subcarrier spacing of 960kHz with normal cyclic prefix can be supported and higher subcarrier spacing value should not be further considered in NR Rel. 17.

2.3 Impact on Phase noise compensation

For FR2, currently different configurations of PT-RS are specified in NR for phase noise compensation depending upon different factors such as allocated bandwidth, MCS, etc. and also the possibility of not transmitting PT-RS when no significant performance gain is expected by phase noise compensation. Similarly, for any new high subcarrier spacing values, it should be evaluated if PT-RS based phase noise compensation is needed or not for different range of MCS. For this purpose, we show in Figure 5, the performance comparison between no phase noise compensation and PT-RS based phase noise compensation (CPE) for different values of MCS. 
[image: ]
Figure 5: No PN compensation vs PN compensation (CPE) for PDSCH with 400MHz BW for 60GHz carrier frequency and PT-RS config. of L=1, K=4

Based on the comparison in Figure 5, following observation can be made:

Observation 8: For lower MCS range with QPSK modulation, there is almost no performance gain with phase noise compensation, while slight gain can be observed for mid-range MCS with 16QAM and significant gain is observed for high MCS with 64QAM for all the SCS values.

Proposal 4: For supporting NR operation between 52.6GHz and 71GHz in Rel. 17, no PT-RS configuration should also be supported, depending up on the MCS range, if higher subcarrier spacing values are agreed to be supported.

In addition, new PT-RS configurations could be considered for FR beyond 52.6 GHz with existing subcarrier spacing and performance should be evaluated with the baseline PT-RS configurations and higher SCS. Basically, there should be at least two evaluations. First, evaluating phase noise compensation with existing PT-RS configurations for higher subcarrier spacings for FR beyond 52.6 GHz. Second, new PT-RS configurations could be evaluated for FR beyond 52.6 GHz with existing and new higher subcarrier spacings.

In Figure 6, we evaluated different densities of PT-RS in frequency domain i.e. K=1,2,4 and L=1 for different SCS values. As can be seen from the BLER curves that for K=1, the performance is reasonably better than for lower PT-RS overhead in frequency. However, based on the throughput curves, it can be observed that the performance with lower PT-RS density such as K=4 performs slightly better.
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a) BLER vs SNR					b) Throughput vs SNR
Figure 6: PT-RS comparison with 400MHz BW for 60GHz carrier frequency and delay spread 5ns

Observation 9: For higher SCS values, simply increasing the density of PT-RS in frequency domain doesn’t improve the throughput performance in comparison to lower density of PT-RS resources in frequency domain.

2.4 Impact on DM-RS performance
If higher SCS values such as 240kHz, 480kHz, 960kHz, are agreed to be supported, then it can have an impact on the system performance such as the high probability of ISI due to the short OFDM symbols and the reduced channel estimation performance specially for frequency selective channels when the channel coherence bandwidth is less than the DM-RS spacing. For this reason, we evaluated the performance for higher SCS values between front-loaded DMRS type 1 and with ideal channel estimation to show the impact of different SCS values on DM-RS based channel estimation performance in Figure 7 for both 400MHz and 2GHz bandwidth. For phase noise compensation, PT-RS configuration with L=1 and K=4 is applied for all the curves in Figure 7.

Based on the results in Figure 7, following observation can be made:

Observation 10: For higher SCS values with both 400MHz and 2GHz bandwidth, BLER performance difference between the ideal channel estimation and real channel estimation varies for different SCS values, where, as the subcarrier spacing is increasing, the performance degradation with real channel estimation also increases which could be attributed to the performance of DM-RS configuration with different SCS values.
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a) 400MHz BW					b) 2GHz BW
Figure 7: Existing DM-RS configuration (1-symbol front-loaded) type1 performance for higher SCS values

Increasing the SCS value has an impact on the system performance such as the high probability of ISI due to the short OFDM symbols and the reduced channel estimation performance specially for frequency selective channels when the channel coherence bandwidth is less than the DM-RS spacing. One possible solution to deal with this issue could be that high frequency density of the DM-RS configurations/patterns could be considered for high SCS values. In order to accommodate more resources in frequency, the number of ports could be reduced compared to existing DM-RS configurations because for high frequency transmission, the performance gain of high rank MIMO channels is limited and therefore the benefit of configuring high number of antenna ports for spatial multiplexing is expected to be low. This will benefit to exploit the high-density frequency domain mapping of DM-RS for better channel estimation when the channel coherence bandwidth is less than the configured SCS.

Proposal 5: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, new DM-RS configurations should be considered with following criterion:
· High frequency density of the DM-RS for high SCS for better channel estimation when channel coherence bandwidth is less than the configured SCS
· Reduced number of DM-RS ports as the performance gain of high rank MIMO channels is expected to be limited in high FR2
2.5 Enhancements to SSB structure
If higher SCS values (in comparison to NR Rel-16) are agreed to be supported for SSB, and if existing SSB structures are used, then the minimum bandwidth requirements for UE will increase a lot in order to accommodate the required number of frequency resources within a time-symbol for PBCH/PSS/SSS. Using the existing SSB structure, the use of existing SSB/CORESET multiplexing patterns will either be limited at higher SCSs, or it will require wideband operations, or frequent switching between high and low SCSs, as shown in Table 1. For example, for 400 MHz bandwidth operations, the SCSs of {960, 960} kHz and {960, 480} kHz for SSB and PDCCH will limit the use to only SSB/CORESET multiplexing pattern 1. 

Table 1: Illustration of required SSB bandwidths for existing patterns with high SCS

	
	Multiplexing pattern {SSB, PDCCH} kHz
	
PRBs
	CORESET Bandwidth (MHz)
	SSB Bandwidth (MHz)
	Gap PRBs
	Total Bandwidth (MHz)

	Pattern 1
	{480, 480}
	24
	138.24
	115.2
	-
	138.24

	
	{960, 960}
	24
	276.48
	230.4
	-
	276.48

	Pattern 2
	{480, 240}
	24
	69.12
	115.2
	2
	190.08

	
	{960, 480}
	24
	138.24
	230.4
	2
	380.16

	Pattern 3
	{480,480}
	24
	138.24
	115.2
	2
	264.96

	
	{960, 960}
	24
	276.48
	230.4
	2
	529.92



Observation 11: With higher SCS values such as 480kHz and 960kHz, if existing SSB structures are used, then the minimum bandwidth requirements for UE will increase significantly in order to accommodate the required number of frequency resources within a time-symbol for PBCH/PSS/SSS and only multiplexing pattern 1 could be supported
Therefore, potentially new SSB structures should be investigated to alleviate the need for very high bandwidth requirements for initial access. One potential solution could be to consider increased number of time-domain symbols and reduced number of frequency resources to transmit an SSB. For example, instead of utilizing just 2 symbols (and partial resources in PSS/SSS symbols) for PBCH in time-domain and 20 RBs for PBCH in frequency-domain, 4 symbols in time-domain and correspondingly lower number of RBs in frequency domain could be considered. This will reduce the need to support very large bandwidths for initial access procedure with high SCS values.

Proposal 6: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, new SSB structures should be investigated
2.6 Enhancement to cell coverage during initial access

For beyond 52.6GHz band, the cell coverage especially during the initial access can be limited due to the severe attenuation at high frequencies and due to the use of low gain wide beams that depend on the SSB beams. UL initial access channels and signals such as PRACH and Msg3/MsgA for example in Rel-16 are expected to use the same Tx spatial filter as the Rx spatial filter used to receive the SSB beams at the UE. Generally, these beams are coarser than that are used for control/data transmission in connected mode, and hence the coverage of these messages would be a bottleneck at high frequencies. Furthermore, if higher SCS values (in comparison to NR Rel-16) are agreed to be supported for initial access messages, then the cell radius would be further reduced as SCS increases due to the short symbols and CP. Therefore, the SCS needs to be carefully selected for PRACH in order to satisfy the coverage requirements for different scenarios. One potential solution to enhance the detection performance of PRACH, is the use of repetition or multi beam transmission for each RACH attempt. Adapting the SCS for each RACH attempt along with power ramping could also be considered to reduce the number of RACH attempts. 

In Rel16, PUSCH repetition is already supported for enhancing UL coverage. However, it is used in connected mode and not applied for initial access message such as Msg3 or MsgA. To enhance the link budget and hence the cell coverage during the initial access for NR Beyond 52.6GHz, repetition of Msg3/MsgA can also be considered. 

[bookmark: _Ref47542107]Proposal 7: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, coverage enhancement of channels and signals used for initial access should be considered for NR beyond 52.6 GHz.
2.7 Enhancements to CSI processing and CPU availability
Currently, the CSI processing timeline is also specified where the processing delay is defined in terms of number of symbols. The symbols are depending up on the subcarrier spacing applied for CSI-RS transmission, CSI reporting and PDCCH triggering the CSI report (for aperiodic or semi-persistent reporting). Depending up on the UE capability in terms of number of CSI processing units (CPUs) in each symbol (parallel processing capability), not all the triggered reports are always processed. If all the CPUs are occupied on a given symbol, then the remaining low priority reports are not required by UE to be processed. However, from a UE perspective, a symbol can correspond to different durations depending up on the corresponding numerologies for each CSI report. For lower subcarrier spacing, a symbol might only have CPU occupied partially when the CPU is used for CSI processing associated with very high subcarrier spacing. Therefore, it is not optimal to disregard the processing of CSI reporting in such scenarios. When a UE is expected to process/prepare for transmissions associated with different subcarrier spacings ranging from 15 kHz to possibly 960 kHz in a parallel manner, then enhancements could be considered on how to efficiently utilize UE’s limited processing capability to reduce latency and handle processing/preparation of transmissions associated with multiple numerologies. Figure 8 illustrates an example where CPU availability is checked for multiple CSI reports associated multiple SCS values. For SCS value 15 kHz, CPU availability is checked at beginning of symbol N, and the corresponding CSI report is not processed since at that point there is no availability. UE waits until next symbol (corresponding 15 kHz SCS value) to check the availability again. CPU is occupied to process CSI report associated with SCS value of 480kHz. However, the CPU is released once the processing is done for CSI report associated with 480kHz SCS value and it becomes available for processing other CSI reports. But based on current specification, UE would still wait for the beginning of next symbol corresponding to 15 kHz SCS value to check availability, although the CPU became available somewhere in the middle of the symbol where it initially checked. This is inefficient method. 


Figure 8: Example of current CSI Processing Unit availability check procedure
One simple possibility could be having a reference symbol duration as the lowest value corresponding to highest SCS value for checking CPU availability for any CSI report regardless of the associated SCS value. For example, a reference symbol duration corresponding to 480kHz could be used for checking CPU availability for different CSI reports corresponding to SCS values of 15kHz, 60kHz, 240kHz and 480kHz, if 480kHz is supported.

Proposal 8: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then potential enhancements should be considered on how to efficiently utilize UE’s limited processing capability to reduce latency and efficiently handle processing/preparation of CSI reports associated with multiple numerologies in parallel:
· Same reference symbols duration (possibly the shortest duration corresponding to maximum supported SCS value) could be used for checking CPU availability corresponding to different CSI reports associated with different SCS values
2.8 Enhancements to PDCCH monitoring and time-domain scheduling

Currently, the maximum number of non-overlapped CCEs per slot for a DL BWP for different numerologies is given by below table. UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell. For NR operation beyond 52.6GHz, this number can be further expected to decrease with increasing value of subcarrier spacing. As a result, the PDCCH monitoring capability will be further reduced and the number of PDCCH candidates per slot could be quite less.
Table 2: Maximum number [image: ] of non-overlapped CCEs per slot for a DL BWP with SCS configuration [image: ] for a single serving cell
	[image: ]
	Maximum number of non-overlapped CCEs per slot and per serving cell [image: ]

	0
	56

	1
	56

	2
	48

	3
	32



Observation 12: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the PDCCH monitoring capability would be further reduced and the number of PDCCH candidates per slot would be lower.

Furthermore, in terms of scheduling flexibility, in order to receive downlink in every slot, UE is expected to receive PDCCH scheduling downlink in every slot. For higher subcarrier spacing values such as 480kHz and beyond, UE might be expected to monitor and process PDCCH in every slot, but due to limitations with UE processing capability, this might not be scalable.

Observation 13: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the PDCCH processing in every slot might not be scalable with increasing subcarrier spacing, due to limitations with UE processing capability.

Currently, for PUSCH transmission, multi-slot scheduling was introduced in Rel. 16 NR-U, where a single DCI can schedule multiple UL TBs across multiple slots. Similar extension could be considered for DL as well to reduce the need to monitor and process DL scheduling PDCCH in every slot. However, this would only partially alleviate problem as still the UE might need to monitor either UL or DL scheduling PDCCH in every slot. Moreover, this could result in long periods (multiple slots) of either UL or DL transmission and would not be suitable for scenarios where the traffic requirements between UL and DL are similar with low-latency constraints. 

Therefore, further enhancements for PDCCH monitoring and/or scheduling should be considered if higher subcarrier spacing values are agreed to be supported for NR operation beyond 52.6GHz. One possibility could be considered to design a new DCI format that can schedule both DL transmissions and UL grants over multiple TTIs (both slot based and non-slot based scheduling) to allow for further reduction in PDCCH monitoring requirement and also ensure required distribution of resource in time for both UL and DL. Especially, for indoor factory halls, there are use cases that have almost equal ratio of UL and DL traffic, it makes sense to consider a single DCI based scheduling for both DL and UL. An example of such scheduling enhancement is illustrated in Figure 10.




Figure 10: Example of single DCI format simultaneously scheduling DL and UL grant for high SCS

Proposal 9: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then consider enhancements to current PDCCH design that includes the following possibilities:
· To introduce new single DCI format that could simultaneously schedule DL transmission and UL grants for one or more transmission time intervals
· To limit the monitoring to PDCCH in slots when the UE receives a multi-slot scheduling grant
2.9 Enhancements to beam-management related to high SCS
Currently supported SCS values for FR2 are limited up to 240KHz for SSB and up to 120KHz for data channels. For SSB beam switching/sweeping procedure with SCS up to 240KHz, no time gaps between the contiguous SSB candidates are required and the beam switching occurs during the CP of the next OFDM symbol. RAN4 (TS38.817-2) specified the required beam switching time considering the analogue phase shifters delay of about 100ns. For SCS of 240KHz, the CP is long enough to handle the beam switching delay. However, for beyond 52.6GHz bands, new higher SCS values are being considered to mainly compensate against phase noise at high frequencies.  If these high SCS values are applied, a beam switching issue would appear between the contiguous transmissions since the CP length would not be enough for beam switching, and an extra gap needs to be added to prevent performance degradation. Furthermore, similar issue can arise when multiple contiguous transmission occasions (including repetitions/retransmissions) are to be transmitted on different beams and high SCS.

Observation 14: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, beam switching issue would appear between the contiguous transmissions (such as SSB beams) since the CP length would not be enough for beam switching, and an extra gap such a might be needed to prevent performance degradation.

[bookmark: _Hlk48722864]One possibility could be introducing a symbol gap to accommodate the beam switching delay. However, is might not be spectral efficient solution as the entire symbol gap might be unnecessary, depending upon the SCS value. Other possibility that can be considered is to adapt the length of a gap between two contiguous transmissions that are on two different beams. For example, an ECP could be applied only on symbol after which bean switching is done and for other symbols only NCP is used. This could be more spectral efficient solution as it avoids any unnecessary symbols gaps or ECP across all symbols. 

Proposal 10: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then to allow the beam switching between contiguous transmissions, ECP or a symbol gap could be applied before beam switching, otherwise NCP is applied to all other symbols 

Another aspect that has been discussed in RAN1#102-e related to beam-management is how to handle periodic transmissions of beamformed RS such as CSI-RS when there is LBT failure. One solution that has been discussed to consider a burst of RS transmission providing multiple transmission opportunities within a period. However, this solution is based on the assumption that LBT is expected to be successful on at least on these occasions within a period that might not be always true. Moreover, this requires configuration of more resources that is not resource efficient. 

Observation 15: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then to increase the possibility of periodic RS transmissions for LBT based channel access in unlicensed bands, it is not resource efficient to schedule a burst of resources within RS period

One possibility could be considered is suspension of periodic RS transmission on a certain beam if there are consecutive LBT failures and switch to different beams to allow for new possibility of LBT success and consequent periodic RS transmission on same resources, but with a different beam. 

Proposal 11: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17 in unlicensed bands, if higher subcarrier spacings (numerologies) are adopted and directional LBT is supported, then potential enhancements related to periodic transmissions of RS such as periodic/semi-persistent CSI-RS should be considered to deal with LBT failure:
· RAN1 could study on the potential dynamic switching of beam for periodic RS transmission on same time-frequency resources after consecutive LBT failures on one of the configured beams
2.10 Enhancements to BWP switching/adaptation
Higher SCS values such as {240kHz, 480kHz, 960kHz) are considered for supporting NR operations beyond 52.6 GHz to compensate for phase noise. However, the selection of SCS value based on the frequency range should not be the only criteria. As can be seen in Figure 11, the channel condition and selection of MCS plays an important role in determining the SCS value. When the channel condition is not so good (lower SNR range), lower SCS values of 120kHz or 240kHz are better as noise is more pronounced than the inter-carrier interference caused by phase noise. When channel condition is moderate (mid SNR range), then slightly higher SCS value such 480kHz is better. For very good channel conditions (high SNR), then 960kHz SCS value is better (phase noise dominates and so reduction in phase noise interference by increased subcarrier spacing has better performance (provided the CP is sufficient)), all considering similar mobile speed. In addition, the performance requirements in terms of target BLER and/or throughput are also critical in determining the suitable value of SCS along with other parameters such as MCS, rank, etc. 
[image: ]
Figure 11. PDSCH with 400MHz BW for 60GHz carrier frequency and channel delay spread of 10ns

Observation 16: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the selection of SCS value should not limited based on the frequency range .Other factors of channel conditions such as phase noise, ICI, Doppler, CQI, etc. plays an important role in determining the SCS value:
· For DL channel, UE has all the required estimates related to channel, receiver phase noise and other impairments, etc.
[bookmark: _Hlk53561113]For DL channels, the UE estimates channel conditions such as phase noise, ICI, Doppler, CQI etc., and some other impairments based on the supported receiver algorithm. Hence, UE is in a better position compared to gNB to make corresponding decision on which SCS value is more suitable. One possibility could be that UE reports all these measurements to gNB but reporting a large set of measurement to gNB will have quite arge overhead. Therefore, based on these measurements at UE, it is a simpler solution for a UE to recommend a suitable SCS value or a corresponding BWP. Based on this recommendation, gNB could indicate a BWP switching that is in line with the suggested SCS value.

Proposal 12: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then UE  assistance for SCS/BWP selection could be considered to take in to account all the channel measurements and receiver impairments that are more prominent at higher frequency range.
2.11 Impact on UL interlacing
For channel access in unlicensed band below 6 GHz, the UE is required to follow the maximum PSD restrictions which is already defined in many regions. To allow the UE to transmit high power and span a wide bandwidth but without occupying entire system bandwidth, PRB interlacing has been introduced in Rel-14 for eLAA uplink. The maximum PSD and EIRP requirements exist in many different regions also for the frequency band beyond 52.6GHz, which regulates the maximum transmitted power allowed for a certain bandwidth with strong requirements compared to lower frequency bands. As the frequency band beyond 52.6GHz faces many challenges, such as higher phase noise (with existing numerologies) and lower power amplifier efficiency, an initial effort to enable and optimize 3GPP NR system for operation in above 52.6 GHz was the agreement on studying the support of higher SCS. Since the interlacing design depends on the maximum PSD, the number of allocated PRBs and the configured SCS, it is important to study new interlacing designs including sub-PRB interlacing that are applicable for high subcarrier spacing in order to enable UEs to transmit with higher power with satisfying the maximum PSD requirements. 
Proposal 13: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17, study the enhancement of PRB/sub-PRB interlacing designs for NR with higher SCS, if agreed to be supported.

3	Conclusion 

Here we summarize the observations and proposals from the above sections:

Observation 1: For lower MCS (QPSK) and mid-range MCS (16QAM), there is minor performance difference between different SCS values up to 960kHz with 400MHz bandwidth.

Observation 2: For higher MCS (64QAM), there is considerable performance gain, with 960kHz performing the best, while 120kHz performing the worst with 400MHz bandwidth.

Observation 3: For higher MCS (64QAM), for 10% BLER target, the performance is almost same for 960kHz and 480kHz subcarrier spacing, but for 1% BLER target, the performance for 960kHz is significantly better than 480kHz

Observation 4: For lower MCS (QPSK) and mid-range MCS (16QAM), there is minor performance difference between 960kHz and 1920kHz with 400MHz bandwidth.

Observation 5: For higher MCS (64QAM), there is some performance gain with 1920kHz in comparison to 960kHz

Observation 6: For 400MHz BW, when higher delay spread value such as 40ns is simulated for SCS values up to 960kHz, it can be observed that the BLER is significantly improved for 960kHz with extended CP and it performs best in terms of BLER, however, the effective throughput is compromised due to larger overhead of extended CP and therefore, 480kHz with normal CP performs best in terms of throughput.

Observation 7: For 2GHz BW, when higher delay spread value such as 20ns is simulated for SCS values of 960kHz and 1920kHz, it can be observed that the BLER is significantly improved for 1920kHz with extended CP and it performs best in terms of BLER, however, the effective throughput is compromised due to larger overhead of extended CP and therefore, 960kHz with normal CP performs best in terms of throughput.

Observation 8: For lower MCS range with QPSK modulation, there is almost no performance gain with phase noise compensation, while slight gain can be observed for mid-range MCS with 16QAM and significant gain is observed for high MCS with 64QAM for all the SCS values.

Observation 9: For higher SCS values, simply increasing the density of PT-RS in frequency domain doesn’t improve the throughput performance in comparison to lower density of PT-RS resources in frequency domain.
Observation 10: For higher SCS values with both 400MHz and 2GHz bandwidth, BLER performance difference between the ideal channel estimation and real channel estimation varies for different SCS values, where, as the subcarrier spacing is increasing, the performance degradation with real channel estimation also increases which could be attributed to the performance of DM-RS configuration with different SCS values.

Observation 11: With higher SCS values such as 480kHz and 960kHz, if existing SSB structures are used, then the minimum bandwidth requirements for UE will increase significantly in order to accommodate the required number of frequency resources within a time-symbol for PBCH/PSS/SSS and only multiplexing pattern 1 could be supported

Observation 12: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the PDCCH monitoring capability would be further reduced and the number of PDCCH candidates per slot would be lower.

Observation 13: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the PDCCH processing in every slot might not be scalable with increasing subcarrier spacing, due to limitations with UE processing capability.

Observation 14: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, beam switching issue would appear between the contiguous transmissions (such as SSB beams) since the CP length would not be enough for beam switching, and an extra gap might be needed to prevent performance degradation.

Observation 15: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then to increase the possibility of periodic RS transmissions for LBT based channel access in unlicensed bands, it is not resource efficient to schedule a burst of resources within RS period

Observation 16: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then the selection of SCS value should not limited based on the frequency range .Other factors of channel conditions such as phase noise, ICI, Doppler, CQI, etc. plays an important role in determining the SCS value:
· For DL channel, UE has all the required estimates related to channel, receiver phase noise and other impairments, etc.

Proposal 1: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, higher subcarrier spacing (numerologies) than 120 kHz should be adopted only if there is a significant performance gain in terms of phase noise reduction in comparison to existing subcarrier spacing (numerologies).

Proposal 2: For supporting NR operation between 52.6GHz and 71GHz in Rel. 17, if 480kHz SCS is agreed to be supported, then only normal cyclic prefix is sufficient

Proposal 3: For supporting single carrier bandwidth of ~2GHz for NR operation between 52.6GHz and 71GHz in Rel. 17, subcarrier spacing of 960kHz with normal cyclic prefix can be supported and higher subcarrier spacing value should not be further considered in NR Rel. 17.

Proposal 4: For supporting NR operation between 52.6GHz and 71GHz in Rel. 17, no PT-RS configuration should also be supported, depending up on the MCS range, if higher subcarrier spacing values are agreed to be supported.

Proposal 5: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, new DM-RS configurations should be considered with following criterion:
· High frequency density of the DM-RS for high SCS for better channel estimation when channel coherence bandwidth is less than the configured SCS
· Reduced number of DM-RS ports as the performance gain of high rank MIMO channels is expected to be limited in high FR2
Proposal 6: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, new SSB structures should be investigated

Proposal 7: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, coverage enhancement of channels and signals used for initial access should be considered for NR beyond 52.6 GHz.


Proposal 8: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then potential enhancements should be considered on how to efficiently utilize UE’s limited processing capability to reduce latency and efficiently handle processing/preparation of CSI reports associated with multiple numerologies in parallel:
· Same reference symbols duration (possibly the shortest duration corresponding to maximum supported SCS value) could be used for checking CPU availability corresponding to different CSI reports associated with different SCS values
Proposal 9: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then consider enhancements to current PDCCH design that includes the following possibilities:
· To introduce new single DCI format that could simultaneously schedule DL transmission and UL grants for one or more transmission time intervals
· To limit the monitoring to PDCCH in slots when the UE receives a multi-slot scheduling grant
Proposal 10: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then to allow the beam switching between contiguous transmissions, ECP or a symbol gap could be applied before beam switching, otherwise NCP is applied to all other symbols 

Proposal 11: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17 in unlicensed bands, if higher subcarrier spacings (numerologies) are adopted and directional LBT is supported, then potential enhancements related to periodic transmissions of RS such as periodic/semi-persistent CSI-RS should be considered to deal with LBT failure:
· [bookmark: _GoBack]RAN1 could study on the potential dynamic switching of beam for periodic RS transmission on same time-frequency resources after consecutive LBT failures on one of the configured beams
Proposal 12: For supporting NR beyond 52.6 GHz with existing waveforms in Rel. 17, if higher subcarrier spacings (numerologies) are adopted, then UE  assistance for SCS/BWP selection could be considered to take in to account all the channel measurements and receiver impairments that are more prominent at higher frequency range.
Proposal 13: For supporting NR beyond 52.6 GHz in unlicensed band in Rel. 17, study the enhancement of PRB/sub-PRB interlacing designs for NR with higher SCS, if agreed to be supported.
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5	Appendix 
5.1 Link-level simulation parameters

	Parameters
	Values

	Waveform
	CP-OFDM

	Carrier Freqeuncy 
	60 GHz

	Channel
	PDSCH

	Phase Noise Model
	TR 38.803, 6.1.11, Example 2 (Tx: BS PN, Rx: UE PN) 

	Start smbol, Length
	1,12 

	PTRS freq Config K (L=1)
	4,2,1

	Channel
	TDL-A 

	Antenna Config.
	2x2 

	Mobility
	3 kmph 

	DMRS
	1-symbol front-loaded 

	MCS
	7,16,22 

	Transmission
	Rank 1 

	Channel Estimation
	Real, Ideal 

	Noise Estimation
	Ideal 

	PN Compensation
	With CPE, Without CPE 

	Performance Metric
	BLER vs SNR, Throughput vs SNR

	BW (MHz)
	400 MHz
	2000 MHz

	Sampling Rate
	0.491520 GHz
	3.93216 GHz

	Delay Spread (ns)
	5,10,20,40
	5,10,20

	SCS, # of RBs
	120 kHz,256
	240 kHz, 128
	480 kHz, 64
	960 kHz, 32
	960 kHz, 160
	1920 kHz, 80

	FFT Size
	4096
	2048
	1024
	512
	4096
	2048

	Symbol length (w/o CP)
	8.3333 us
	4.1666 us
	2.0833 us
	1.0416 us
	1.0416 us
	0.5208 us

	Normal Cyclic Prefix 
(l=0,7) / (l≠0,7)
	0.651 µs / 0.586 µs 
	0.325 µs /   0.293 µs
	0.163 µs / 0.146 µs
	0.081 µs / 0.073 µs
	0.081 µs / 0.073 µs
	0.040 µs / 0.036 µs

	Extended Cyclic Prefix
	2.08  µs
	1.04  µs
	0.52  µs 
	0.26  µs
	0.26  µs
	0.13  µs



























5.2 Agreements from RAN1#102-e

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).
Conclusion:
RAN1 continues study and specification effort for both licensed and unlicensed operation for supporting NR from 52.6 GHz to 71 GHz SI.
· RAN1 strives for maximum commonality for the system design for licensed and unlicensed operation for NR from 52.6GHz to 71GHz, and for maximum re-use of the existing NR design
Agreement:
· Instruct rapporteur to create dedicated (sub-)section for set of identified issues for physical layer NR design.
· Endorse following text proposal as introduction to the (sub-)sections for discussing identified issues for physical layer.
· For supporting NR operation in both licensed and unlicensed band in the frequency range from 52.6 GHz to 71 GHz, FR2 numerologies and additional numerologies beyond that supported currently in NR are studied. Existing framework for numerology scaling is considered i.e.  2μ ×15 subcarrier spacing to select the candidates. For SSB transmissions, it is investigated whether or not µ>4 (larger than 240 kHz) is needed and corresponding impacts, if any, on the aspects including at least SSB pattern, multiplexing of other signal/channels, and transmission window, if supported. For data and control channel transmissions, it is investigated if µ>3 (larger than 120 kHz) is needed and corresponding impacts, if any, on aspects including at least processing timelines, PDCCH monitoring capability (BD/CCE), scheduling enhancements, beam-management, and reference signal design. For investigating the need for higher numerologies, some of the key aspects that are studied are the impact due to phase noise, delay spread, TAE, analog beam switching delay, and impact to coverage, spectral efficiency and peak data rates, and relative delay in intra-cell/inter-cell multi-TRP operations.
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:
RAN1 at least considers the following aspects for determination of supported SSB subcarrier spacing
· Detection performance of SSB (including PSS, SSS, PBCH DMRS, and PBCH) and SSB coverage requirement
· Impact on initial cell search complexity due to frequency errors (e.g. carrier frequency offset, Doppler shift, etc)
· Timing detection accuracy and its relation to uplink transmission accuracy
· Signaling design for supporting different subcarrier spacing for SSB and CORESET#0 (if supported)
· Multi-TRP delay considerations
· Consideration of SSB-based RRM/RLM and beam management if the SSB SCS is significantly different from that of the active BWP (e.g., switching gap, scheduling constraint, etc.)
Agreement:
Consider the at least following aspects for PRACH design of NR operating in 52.6 GHz to 71 GHz
· PRACH coverage requirements 
· applicable PRACH Sequence length(s) and subcarrier spacing(s) for PRACH, including any impact on PRACH coverage and capacity from the applicable sequence length(s).
· RACH RO configurations with new SCS (if new SCS is supported)
· LBT gap between RACH occasions (RO)
Agreement:
Consider at least the following aspects of PT-RS design for a given SCS
· Phase noise compensation performance of existing PT-RS design
· Study of need of any modification/changes to existing PT-RS design
· Potential modification to the PT-RS pattern or configuration to aid performance improvement for CP-OFDM and DFT-s-OFDM waveforms (if needed)
· Potential methods to aid ICI compensation at the receiver (if needed)
Agreement:
Consider at least the following aspects of DM-RS design for a given SCS
· Channel estimation performance of existing DM-RS design with existing and new SCSs (if any)
· Study whether there is a need of any modification/changes to existing DM-RS design
· Potential modification or introduction of new DM-RS pattern, configuration or indication to aid performance improvement for CP-OFDM and DFT-S OFDM waveforms (if needed)
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
Agreement:
Consider at least the following aspects for uplink transmission
· Study of potential enhancements for PUSCH/PUCCH/PRACH transmissions to achieve higher transmit power (when transmit power spectral density limits apply), if needed
· Study whether uplink interlace needs to be supported for unlicensed operation in 60 GHz band.
· If supported, study uplink PRB and/or sub-PRB based interlace design for PUCCH, PUSCH, and/or SRS.
Agreement:
· Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.

Agreement:
Consider at least the following aspects in system operations with beams 
· Study of BFR mechanism enhancements, if supported
· e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth
· Study of UE capabilities on beam switch timing in beam management procedure
· Study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:
· beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported)
· Study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported
Agreement:
· Consider the study of at least the following aspects, including the justification for the features and their potential benefits, if applicable
· System overhead impact from TDD switching time for larger subcarrier spacing
· Coverage enhancement mechanisms for control channels and SSB, if larger SCS is supported
· Any potential modifications to HARQ processes including number of processes, if supported
· Impact from MAC buffering for larger subcarrier spacing, if any
· NR channelization/sub-channelization and any potential impact from RAN1 perspective
· Additional RF impairments that impact evaluations
· Impact on BWP switching procedure due to new higher SCS, if supported
· Support of rank 2 transmission for DFT-s-OFDM in the uplink
· Other aspects and impacts due to introduction of higher SCS are not precluded.

5.3 Agreements from RAN1#101-e

In RAN1#101-e, following agreements have been made:

Agreement:
The proposals in Tables 2, 3, 4, 5, 7, 8, 9, 10, 11, 12 of R1-2005185 are agreed.

Agreement:
Update the CP type field of Table 2 in R1-2005186 as:
· Normal CP
· Extended CP (FFS: optional)
· Note: ECP is not expected to be applicable in all SCS and channel conditions, and companies providing results for ECP are encouraged to provide evaluation results with motivation/justification of simulated ECP cases


Agreement:
· Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted)
· TDL model as defined in of TR38.901 Section 7.7.2:
· TDL-A (5ns, 10ns, DS) 
· FFS: 20ns, 40ns, 60ns DS as optional or not optional DS for consideration: 20ns, 40ns, 60ns DS
· CDL model as defined in of TR38.901 Section 7.7.1:
· CDL-B (20ns, 50ns DS)
· CDL-D (20ns, 30ns DS) with K-factor = 10 dB
· FFS: 100ns DS as optional or not optional DS for consideration: 100ns DS


[bookmark: _Hlk43320860]Agreement:
Update the Channel Model field of Table 2 in R1-2005186 as (unchanged text omitted):
· FFS: modification CDL-B/D model 
· (a) Indoor Office NLOS: CDL-B (20 ns DS), and Indoor Office LOS: CDL-D (20 ns DS)
· Use mean angular spread values from Table 7.5.6-Part2 (for ASD, ASA, and ZSA) and Table 7.5-10 (for ZSD)
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Mean K-factor for CDL-D from Table 7.5.6-Part2 (9 dB)
· (b) UMi – Street Canyon NLOS: CDL-B (50 ns DS), and UMi – Street Canyon LOS: CDL-D (30 ns)
· Use mean angular spread values from Table 7.5.6-Part1 (for ASD, ASA, and ZSA) and Table 7.5-8 (for ZSD).
· Use mean angles of CDL-B/D for desired mean angles as baseline (no angle translation)
· Note that the angular spread values in the table are quoted in log units
· Use mean K-factor for CDL-D from Table 7.5.6-Part1 (7 dB)
· Note: Mean angular spread values are used as desired AS value to scale the ray angles as described in TR38.901 section 7.7.5.1. As baseline, the ray angles are not translated, meaning  (TR38.901 section 7.7.5.1). If companies perform translation of the ray angles they are encouraged to report the details. The mean K-factor is used to scale the tap powers as described in TR38.901 section 7.7.6.
· The mean angular spread values are used to scale the ray angles using the following equation:
· [image: ]


[bookmark: _Hlk43320439]Agreement:
Agree to Table 11 in R1-2005186 in addition to already agreed Tables for evaluation parameters.


[bookmark: _Hlk43320911]Agreement:
Add the following FFS to outdoor scenarios-A and B in the deployment scenario field of Table 6 in R1-2005186.
· FFS: Reducing deployment size from 7 sites to 1 site for performance evaluations with both single and two operator scenarios.


[bookmark: _Hlk43320299]Agreement:
Update the field description for Deployment Scenario in Table 6 in R1-2005186 as (unchanged text omitted):
· Primary scenario:
· Scenario indoor-A or C (FFS: which scenario is primary)
· Scenario indoor-C (FFS: whether in primary or secondary scenario)
· Secondary scenario:
· Scenario indoor-C or A (FFS: which scenario is secondary) (FFS: whether in primary or secondary scenario)


[bookmark: _Hlk43320496]Agreement:
Add the following new evaluation parameter field for SLS
	Parameter Set 7
	Synchronization Assumption

	Proposal
	Companies are asked to provide information on the synchronization assumption made between operators for 2 operator deployment scenarios.




[bookmark: _Hlk43320653]Conclusion: 
· Companies are encouraged to provide inputs and considerations for the following identified physical layer aspects:
· Candidate numerology (SCS, and CP length) to be supported by RAN1 specification.
· Discussions may include how RAN1 should conclude on determination of the candidate numerologies
· Discussion may also include identification of any coupling with other system parameters, such as bandwidth (number of PRB), FFT size, etc
· Candidate bandwidths (or range of bandwidth) to be supported by RAN1 specification and related considerations (e.g. maximum FFT size)
· Discussions may include how RAN1 should conclude on determination of the candidate bandwidths
· Identification of potential impacts to PHY due to the candidate numerology and bandwidths 
· Discussion may include how to address the impacts to PHY channels and procedures, such as initial access, UL/DL signal/channel, scheduling/HARQ
· Identification of regulatory aspects to consider in channel access (and interference mitigation techniques) for 60GHz unlicensed NR operation
· Note: some examples of consideration aspects could be CCA sensitivity levels, time unit for measurement and back-off counters, access categories, channel bandwidth occupancy, LBT bandwidth, maximum output power, ED threshold, etc.
· Supported channel access and interference mitigation techniques
· Discussion may include how RAN1 should conclude on channel access schemes and/or interference mitigation techniques (e.g. omni-directional LBT, directional LBT, receiver-aided LBT, no-LBT, ATPC, etc) and identification of various consideration aspects (in the decision-making process)
· Discussions may also include whether to always mandate LBT operations or not

· In addition to the above considerations, the following physical layer aspects have been additionally mentioned (but not limited to) in RAN1#101-e and can be further studied:
· Initial access signals/channels
· Investigation of transmissions of SS/PBCH blocks (including beam switching time)
· SSB and CORESET#0 multiplexing
· PRACH sequence lengths to achieve max allowed EIRP
· non-consecutive RO within RACH slot to provide LBT gap
· Other DL/UL signals/channels
· Performance verification of existing and improved RS, e.g., DMRS & PTRS
· Coverage requirements for IAB and for short physical channels
· Handling of control/data channel coverage by OFDM symbol shortening
· Investigation of UL interlace transmissions
· Beam management
· Beam determination/refinement during initial access
· Beam failure detection issues
· DL/UL beam correspondence in licensed/unlicensed spectrum
· Required processing timelines and scheduling
· UE minimum processing timelines and PDCCH monitoring capabilities (BD/CCE limits) for high SCS and their potential impact on scheduling and HARQ functionality of NR
· CSI processing timeline and CSI processing unit availability for different SCS
· Handling of beam switching time for control/data channel transmission
· Scheduling operation, including the T/F scheduling granularity and PDCCH monitoring unit for high SCSs
· Channel access
· OCB constraints and related specification impact
· PSD constraints and related specification impact
· FBE operations 
· LBT procedure with respect to {carrier BW, RB set, maximum power, ED threshold}
· Shared COT mechanisms
· Potential enhancements to increase the channel access opportunities
· Others
· Maintaining cell coverage/link budget for high SCSs
· Supporting rank-2 SU-MIMO for DFT-s-OFDM
· Multi-carrier based operation for multi-RAT coexistence in unlicensed band
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