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1. Introduction

RAN1 has started a Rel-17 study on supporting NR from 52.6 GHz to 71 GHz, in order to further leverage the FR2 based implementations. As clarified in the WID [1], one of the most important aspects of the study is to introduce more numerologies, e.g. SCS 480 KHz and 960 KHz, for this frequency range which has been designated as FR2-2.

In the last RAN2 meeting, some potential RAN2 impacts by the extension of SCSs have been discussed and the following agreements were made:
· 1: Wait for RAN1 to progress on the calculation of RA-RNTI/MsgB-RNTI issue 
· 6: Depending on whether RAN1 introduces new SCS for data channels, RAN2 will capture the RLC RTT vales for SCS480kHz and 960kHz in the TS38.306 table on RLC RTT for NR cell group per SCS. FFS on the values (wait for RAN1 progress on L1 processing latency)
· As working assumption, RAN2 assumes no need to extend RLC timer values for NR operation with 480, 960 kHz SCS. Can be revisited when we get more information from RAN1/4.

· Wait for RAN1 before discussing L2 buffer size to see if we get prohibitively large buffer sizes. 
In this contribution, we will further analyse the potential RAN2 impacts for NR operation up to 71GHz based on RAN1’s further progress.
2. Discussion
After checking the RAN2 specs, we find at least the following procedures involve numerologies: RACH, LCP, DRX, L2 buffer calculation, and SCS indication in MIB, etc. Besides, RAN1 has also discussed directional LBT. In this section, we will elaborate the potential RAN2 impacts due to the introduction of new numerologies and directional LBT.

2.1 Impacts on RNTI calculation

In the last RAN2 meeting, the impacts of new SCSs on the calculation of RA-RNTI/MsgB-RNTI were discussed, and it was agreed that we shall wait for RAN1 to progress the discussion.

In RAN1#106-e meeting, the following agreement was made:

	Agreement:
For 480 and 960kHz PRACH:

· At least the same RO density in time domain (i.e. number of specified RO per reference slot according the PRACH configuration index) as for 120kHz PRACH in FR2 is supported

· FFS: Support gap between consecutive ROs in time domain and the details to derive the gap


Based on RAN1’s understanding, for the same RO density per reference slot as for 120 kHz PRACH, the formula for RA-RNTI/MsgB-RNTI calculation can be reused, but t_id shall be determined based on a subcarrier spacing of 120 kHz.
However if higher RO density is introduced, further enhancements may be needed. For example, one solution discussed in RAN1 is similar to that adopted in Rel-16 NR-U, i.e. introducing additional bits in the DCI scheduling RAR, but without modification for the formula of RA-RNTI calculation. For instance, we can sequentially divide the symbols in a radio frame into groups, and each group contains 80 slots. The additional bits in the DCI, e.g. with the value of N, indicate the time location of the RACH occasion is within the Nth group of slots. And t_id means the index of the first slot of the PRACH occasion in the Nth group.

Besides, RAN1 is also discussing whether gap between consecutive ROs shall be supported. If gap exists between consecutive ROs, there may be further impacts on RA-RNTI/MsgB-RNTI calculation, even if the same RO density per reference slot as for 120 kHz PRACH is adopted. Nevertheless it seems RAN1#106bis-e meeting has achieved no consensus on this issue.
Observation 1: RAN1 discussion on RO density and gap between consecutive ROs may have impacts on the calculation of RA-RNTI/MSGB-RNTI. Further progress depends on RAN1.
2.2 Impacts on LCP restrictions
In NR Rel-15, LCP restrictions are introduced with the intention to match traffic with suitable radio resources. In a logical channel’s configuration, the network can configure some restriction parameters for the logical channel, e.g. allowedSCS-List, maxPUSCH-Duration, etc. In MAC spec, the description about the restriction parameters introduced in Rel-15 is as follows [2]:

	RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:

-
allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;

-
maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;

-
configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;

-
allowedServingCells which sets the allowed cell(s) for transmission;


When an uplink grant arrives, during the MAC entity performs LCP procedure for the grant, the MAC entity shall first select suitable logical channels according to the characteristics of the uplink grant, as well as LCP restrictions for all logical channels. The MAC entity then uses the uplink grant for the selected logical channels. The LCP restrictions can be used to guarantee the transmission requirements of specific services, e.g. to meet the requirements of reliability and latency for URLLC services.

In the current RRC spec, the IE allowedSCS-list refers to IE SubcarrierSpacing. The IE SubcarrierSpacing determines the subcarrier spacing, which is referred by many other IEs. The information element is excerpted as follows:

	SubcarrierSpacing information element

-- ASN1START

-- TAG-SUBCARRIERSPACING-START

SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1}

-- TAG-SUBCARRIERSPACING-STOP

-- ASN1STOP


RRC spec clarifies that restrictions applicable for certain frequencies are clarified in the fields that use this IE. In the WID for NR_ext_to_71GHz, the scope includes to specify new SCS, 480kHz and 960kHz in addition to 120kHz for data and control channel. Hence we need to add 480 KHz and 960 KHz to the IE SubcarrierSpacing, e.g. to replace the reserved spare3 and spare2.

Proposal 1: New SCS values, i.e. 480 KHz and 960 KHz, are added to the IE SubcarrierSpacing.

Furthermore, the restrictions applicable for certain frequencies shall be updated if existed. For example, if one field uses the IE SubcarrierSpacing with restrictions applicable for different frequency ranges, the existing restrictions applicable to FR2 shall be modified as the same restrictions applicable to FR2-1 instead. Additionally, new restrictions applicable to FR2-2 shall be added. One example for update of ssbSubcarrierSpacing in the IE MeasObjectNR is as follow:
	ssbSubcarrierSpacing
Subcarrier spacing of SSB. Only the values 15 kHz or 30 kHz (FR1), 120 kHz or 240 kHz (FR2-1), and 120 kHz or 480 kHz or 960 kHz (FR2-2) are applicable.


Proposal 2: For one field uses the IE SubcarrierSpacing with restrictions applicable for different frequency ranges, the legacy restrictions applicable to FR2 shall be modified as applicable to FR2-1 and new restrictions applicable to FR2-2 shall be added.
Besides, maxPUSCH-Duration can take a value from 0.02ms, 0.04ms, 0.0625ms, 0.125ms, 0.25ms, and 0.5ms. Since for a higher SCS, the length of a corresponding slot/symbol will be shortened. We think more available values for maxPUSCH-Duration can be discussed, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.

Proposal 3: RAN2 discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.

2.3 Impacts on DRX parameters

For DRX function, the configuration of some DRX parameters might be related to the numerology. For example, for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, the values are in number of symbols. For drx-HARQ-RTT-TimerDL, it means the minimum duration before a DL assignment for HARQ retransmission is expected. The MAC entity will start the timer for a HARQ process in the first symbol after the end of the transmission carrying DL HARQ feedback. After the duration of drx-HARQ-RTT-TimerDL, the gNB may schedule a retransmission grant for failed downlink transmission. We think the gNB shall configure such parameter based on its processing capability, for example, how much time is needed to process the HARQ feedback and schedule retransmission grant if necessary. It seems the process time length is not related to the specific numerology adopted for transmission. 

When a higher SCS is introduced, the length of a symbol is shortened. If the processing capability of the gNB remains the same, a higher value for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL in the unit of symbol shall be introduced. Currently, the maximum SCS for data channel is 240 KHz, and drx-HARQ-RTT-TimerDL can take a value from 0 to 56. When 480 KHz and 960 KHz are introduced, we suggest that the maximum value of drx-HARQ-RTT-TimerDL can be extended to 224.

Proposal 4: RAN2 discuss whether new values for DRX parameters shall be introduced, for example, up to 224 can be defined for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.

2.4 Impacts on L2 buffer size calculation

In TS 38.306 [3], the calculation for total layer 2 buffer size is defined. As described in [3], the total layer 2 buffer size is defined as the sum of the data size that the UE is able to store in the RLC transmission windows, RLC reception windows, RLC reassembly windows, and PDCP reordering windows for all radio bearers. 

As elaborated in [3], the required total layer 2 buffer is related to RLC RTT. RLC RTT for NR cell group is correspondent to the smallest SCS numerology supported in the band combination and the applicable Feature Set combination. The following table in [3] provides the relationship between RLC RTT and SCS:

	Table 4.1.4-1: RLC RTT for NR cell group per SCS
SCS (kHz)

RLC RTT (ms)

15KHz

50

30KHz

40

60KHz

30

120KHz

20




However, the RLC RTT for 480 KHz and 960 KHz SCSs are undefined yet. In the last RAN2 meeting, we have already agreed that RAN2 will capture the RLC RTT vales for SCS 480kHz and 960kHz in the TS 38.306 table. But the detailed values are FFS, which depends on RAN1 progress on L1 processing latency. 
RAN1 has discussed the UE processing timelines for 480 kHz and 960 kHz, and most companies in RAN1 seem reluctant to further reduce the RAN1 processing latency for higher SCSs. In RAN1#106-e meeting, the following agreements were made:
	Agreement:
For NR operation with 480 and 960 kHz SCS, adopt at least the values of N1, N2 and N3 as in the following tables for single and multi-PDSCH/PUSCH scheduling.

· Note: N1/N2 applies to any PDSCH/PUSCH for multi-PDSCH/PUSCH scheduling

· RAN1 to study (until RAN1#106b-e) and possibly introduce smaller values considering at least the following factors

· PDCCH monitoring capability

· Mix numerology scheduling

· Multi-PDSCH/PUSCH scheduling

· Cross-carrier scheduling

· Note: The decision for the number of HARQ processes should take this agreement into account.

Table 2-2.1 PDSCH processing time arrange 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
3 (120 kHz)

20
24

5 (480 kHz)

80

96
6 (960 kHz)

160
192
Table 2-2.2 PUSCH preparation time for PUSCH timing capability 1
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PUSCH preparation time N2 [symbols]

3 (120 kHz)

36
5 (480 kHz)

144 
6 (960 kHz)

288
Table 2-2.3 Minimum gap between the second detected DCI and the beginning of the first PUCCH resources
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HARQ-ACK multiplexing timeline N3 [symbols]

3 (120 kHz)

20
5 (480 kHz)

80
6 (960 kHz)

160



Based on the above tables, we can found the absolute time requirement of PDSCH processing/PUSCH preparation for higher SCSs keeps the same as that for 120 kHz SCS. RLC RTT can be assumed as multiple HARQ RTTs, and HARQ RTT highly depends on processing time at UE and gNB. If we assume that the absolute time for processing time at UE/gNB side is not further reduced for higher SCSs, the RLC RTT defined for 120 KHz SCS can be reused for higher SCSs for simplicity.
Proposal 5: RLC RTT values for SCS 480 KHz and 960 KHz can be defined as the same value with that for SCS 120 KHz, i.e. 20ms.

According to the formula defined in TS 38.306 to calculate the required total layer 2 buffer size, the buffer size is determined by the supported max data rate for DL/UL and the RLC RTT. Furthermore, the supported max data rate for DL/UL is determined by the UE supported maximum bandwidth in a given band or band combination. The RLC RTT corresponds to the smallest SCS numerology supported in the band combination. 
When FR2-2 is used by a UE, the supported max data rate will be much higher due to larger available bandwidth supported in FR2-2. But when UE calculates the required total L2 buffer size, the RLC RTT based on lower SCS may be used, e.g. RLC RTT corresponding to 15 kHz SCS. During the discussion in the last RAN2 meeting, companies propose such formula will give too large buffer requirement to the UE, and will be a burden for UE implementation. We have the same concern that it is not quite reasonable if the UE uses FR2-2 but RLC RTT is based on FR1, and think such issue needs to be further considered in RAN2.

One solution can be considered is to divide the SCSs into two groups. SCS group 1 includes the SCS numerologies available for FR1 and FR2-1, while SCS group 2 includes SCS 480 kHz and 960 kHz. Of course, the detailed grouping methods can be further discussed. One example of such grouping is illustrated in the following Table I. When the UE determines the RLC RTT for one band combination, if the SCS numerology supported in the band combination contains any SCS within the SCS group 2, then the RLC RTT corresponds to the smallest SCS within SCS group 2 instead of the smallest SCS in the band combination. Otherwise, the RLC RTT corresponds to the smallest SCS supported in the band combination. For example, if the supported SCSs by a given band combination include 60 kHz, 480 kHz and 960 kHz, we can find some of the supported SCSs belong to SCS group 2. The smallest SCS within SCS group 2 but also supported in the band combination is 480 kHz, thus the RLC RTT takes the value corresponds to SCS 480 kHz, i.e. FFS value 1 in the Table I, which is lower than the value corresponds to SCS 60 kHz. Through such solution, the burden on UE implementation can be relived. 
Table I: Grouped RLC RTT per SCS
	SCS (kHz)
	RLC RTT (ms)
	SCS group

	15KHz
	50
	Group 1

	30KHz
	40
	

	60KHz
	30
	

	120KHz
	20
	

	480KHz
	FFS value 1
	Group 2

	960KHz
	FFS value 2
	


Proposal 6: The SCSs are divided into two groups and one specific SCS group includes SCS 480 kHz and 960 kHz. If the SCS(s) supported by a given band combination contains any SCS within this specific SCS group, the RLC RTT corresponds to the supported smallest SCS within this. 
2.5 Impacts on SCS indication in MIB 

In MIB, the IE subCarrierSpacingCommon indicates the SCS for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages. Currently, if a UE acquires the MIB on an FR1 carrier frequency, the IE can indicates 15 KHz SCS or 30 KHz SCS. Otherwise, if the UE acquires the MIB on an FR2 carrier frequency, the IE indicates 60 KHz SCS or 120 KHz. Thus, when it comes to FR2-2 carrier frequency, if the SCS for SIB1 can be extended to 480 KHz, the legacy IE is not suitable to indicate the new SCS.

The revised WID supports 480 kHz SSB for initial access in addition to 120 kHz, and only 480 kHz CORESETTE#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS. Thus, MIB does not need to indicate the SCS for SIB 1 through the IE subCarrierSpacingCommon. The legacy IE subCarrierSpacingCommon in MIB for FR2-2 can be repurposed, and the detailed purpose depends on RAN1’s input.
Proposal 7: The IE subCarrierSpacingCommon in MIB for FR2-2 can be repurposed, and the detailed purpose depends on RAN1’s input.

2.6 Impacts on directional LBT
RAN1 is discussing directional LBT. For directional LBT, the UE senses the shared spectrum in a narrow direction to which the UE will transmit, instead of evaluate the interference level from all directions. Considering the interference from other directions may be irrelevant for the UE’s transmission to the specific direction, such scheme is beneficial for efficient resource utilization. One more issue worth discussing is whether the legacy LBT failure detection mechanism shall involve directional LBT result.

In the legacy LBT failure detection procedure, the physical layer will indicate the LBT failure indication to the MAC layer, and the detailed LBT failure detection procedure based on timer and counter is specified in RAN2 spec. When the UE moves or rotates, the network may switch the transmission beam for the UE. In such case, whether the counter for consistent LBT failure detection for the original direction shall be continued or reset can be further discussed. Since the main spec impacts for LBT failure detection when involving directional LBT result can be foreseen in RAN2, we suggest RAN2 to discuss whether consistent LBT failure procedure shall involve directional LBT result.
Proposal 8: RAN2 discuss whether consistent LBT failure procedure shall involve directional LBT result.
3. Conclusion

In this contribution, we have discussed potential RAN2 impacts on NR operation up to 71GHz, based on RAN1’s progress. The following observation and proposals were made:
Observation 1: RAN1 discussion on RO density and gap between consecutive ROs may have impacts on the calculation of RA-RNTI/MSGB-RNTI. Further progress depends on RAN1.

Proposal 1: New SCS values, i.e. 480 KHz and 960 KHz, are added to the IE SubcarrierSpacing.

Proposal 2: For one field uses the IE SubcarrierSpacing, and restrictions applicable for different frequency ranges exist, the legacy restrictions applicable to FR2 shall be modified as applicable to FR2-1 and new restrictions applicable to FR2-2 shall be added.

Proposal 3: RAN2 discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.

Proposal 4: RAN2 discuss whether new values for DRX parameters shall be introduced, for example, up to 224 can be defined for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.

Proposal 5: RLC RTT values for SCS 480 KHz and 960 KHz can be defined as the same value with that for SCS 120 KHz, i.e. 20ms.

Proposal 6: The SCSs are divided into two groups and one specific SCS group includes SCS 480 KHz and 960 KHz. If the SCS(s) supported by a given band combination contains any SCS within this specific SCS group, the RLC RTT corresponds to the supported smallest SCS within the group. 
Proposal 7: The IE subCarrierSpacingCommon in MIB for FR2-2 will be repurposed, and the detailed purpose depends on RAN1’s input.

Proposal 8: RAN2 discuss whether consistent LBT failure procedure shall involve directional LBT result.
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