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1. Introduction
In RAN1#107-e meeting, RAN1 has finished the discussion for NR Rel-17 Ext to 71GHz. Two LSs have been sent to RAN2, in order to inform RAN1 conclusions as well as to enquire RAN2’s views on some questions.
In the last RAN2 meeting, user plane aspects of NR operation up to 71GHz were also discussed, and we made the following agreements:
RLC impacts
· #1: Introduce the RLC RTT vales for SCS480kHz and 960kHz as 20ms as baseline. This will be part of TS38.306. Can include this in the running CR for 38.306.
MAC impacts
· #4: RA-RNTI/MsgB-RNTI issue for 480kHz SCS and 960kHz SCS can wait further for RAN1 conclusion.
· 1: RAN2 to keep the current DRX timer values for now, but it can be revisited for performance optimization after high priority issues are resolved.
L2 buffer size
· #2: Keep the L2 buffer size definition as it reflects the upper bound of the L2 buffer size requirement.
· #3: FFS whether UE capability is needed to address concern on too high L2 buffer size requirement. Companies should bring analysis on this to next meeting.
PDCP impacts
· 2	The existing PDCP SN space is sufficient to cope with the extreme cases in 71 GHz, therefore no spec changes are foreseen for the existing PDCP SN space.
In this contribution, we will further analyse the potential RAN2 impacts for NR operation up to 71GHz based on RAN1’s latest progress.
2. Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]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, based on RAN1’s latest progress.
0. Impacts on RNTI calculation
For the RA-RNTI/MsgB-RNTI calculation issue, RAN1 has made their final decision, and an LS [1] has been sent to RAN2 to notify their agreements regarding updates required for RA-RNTI and MsgB-RNTI. According to the LS, we can find that RAN1 has decided to not modify the formula for RA-RNTI/MsgB-RNTI or introduce additional bits in DCI, but to update the interpretation of t_id in the formula.
According to the LS, the related spec text in TS 38.321 [2] for RA-RNTI calculation can be updated as follows:
Table 1 RA-RNTI calculation: 
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8] for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).


Similarly, the spec text for MsgB-RNTI calculation can be updated as follows:
Table 2: MsgB-RNTI calculation: 
	The MSGB-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
MSGB-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8] for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier). The RA-RNTI is calculated as specified in clause 5.1.3.


Proposal 1: The interpretation of t_id in the formula for RA-RNTI/MsgB-RNTI calculation is to be updated as shown in Table 1 and Table 2.
0. Impacts on fields in MIB 
In LS [3], RAN1 informs RAN2 about their agreements regarding support for discovery burst transmission window for operation with shared spectrum channel access for 120, 480, and 960 kHz SCS. RAN1 has made a working assumption that 2 bits in MIB will be repurposed in FR2-2 to convey up to 4 values of  which is used to derive the QCL assumptions for SSB. The 2 bits identified by RAN1 are ‘subCarrierSpacingCommon’ and the only one ‘spare’ bit in MIB. RAN1 is not sure whether there may be issues of using the ‘spare’ bit in MIB and ask RAN2 to provide views.
Currently, we don't see any issues to use the ‘spare’ bit in MIB as indicated by RAN1 in FR2-2, since supposedly one of the most important usages of spare bits is for future critical extension. Yet one concern is that there is only one spare bit in MIB, and if it has been used, there may be difficulty for possible further extension of MIB IE in future. However we believe that such concern is also known to RAN1 and it seems acceptable to them since they decides to use this bit in FR2-2. Based on above consideration, we propose that RAN2 confirm that the ‘spare’ bit contained in MIB IE can be used for signalling  to UEs.
Proposal 2: RAN2 to confirm that the ‘spare’ bit contained in MIB IE can be used for signalling   to UEs.
0. 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. In the latest RRC running for NR_ext_to_71GHz, the rapporteur has added additional new SCS values, e.g. 480 kHz and 960 kHz, to the IE SubcarrierSpacing, and suitable values for the IE allowedSCS-list in different frequency ranges have been updated.
Besides, the parameter reflects the maximum PUSCH duration allowed for transmission of the data from the logical channel, and currently can take a value from 0.02ms, 0.04ms, 0.0625ms, 0.125ms, 0.25ms, and 0.5ms. For a higher SCS though, the length of a corresponding slot/symbol will be shortened. For example, for 480 kHz and 960 kHz, one slot equals to 0.03125ms and 0.0156ms respectively. We suggest RAN2 to discuss whether the existing values for maxPUSCH-Duration are sufficient, and whether more available values are needed, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.
Proposal 3: RAN2 to discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.
0. Impacts on L2 buffer size calculation
In the last RAN2 meeting, we have agreed the RLC RTT values for SCS 480 kHz and 960 kHz to be 20ms as baseline. Besides, we agreed to keep the L2 buffer size definition as it reflects the upper bound of the L2 buffer size requirement. 
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. 
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. There is one FFS left in the last RAN2 meeting as follows:
· #3: FFS whether UE capability is needed to address concern on too high L2 buffer size requirement. Companies should bring analysis on this to next meeting.
The total L2 buffer size is not only related with RLC RTT value, but also relevant with the max data rate for DL/UL. The supported max data rate for DL/UL is determined by the UE supported maximum bandwidth in a given band or band combination. In TS 38.306, the description about max data rate is as follows [4]:
	For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.


wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.

	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.

	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.

	 is the numerology (as defined in TS 38.211 [6])



[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.




	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.

	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
NOTE 1:	Only one of the UL or SUL carriers (the one with the higher data rate) is counted for a cell operating SUL.
NOTE 2:	For UL Tx switching between carriers, only the supported MIMO layer combination across carriers that results in the highest combined data rate is counted for the carriers in the supported maximum UL data rate.
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.



According to the above description, the max data rate is relevant to , which is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4. The UE can report the scalingFactor as a per feature set capability to the network. It can be found that the smaller the reported scalingFactor, the smaller the calculated total L2 buffer size. Thus we think a simple solution to lessen the burden for UE implementation on buffer size is to enable further smaller scalingFactor, e.g. to introduce values 0.2, 0.1, or even 0.05 for scalingFactor. Compared with scalingFactor=0.4, the calculated total L2 buffer size will be reduced 87.5% if the UE reports scalingFactor=0.05.
Proposal 4: In order to lessen the burden for UE implementation on L2 buffer size, RAN2 can add more values for scalingFactor, e.g. 0.2, 0.1, and 0.05.
0. Impacts on DRX parameters
For DRX function, the configuration of some DRX parameters are related to the numerology. For example, for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, the values are in number of symbols, and the maximum value is 56. Take drx-HARQ-RTT-TimerDL as an example, 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. On the expiry of drx-HARQ-RTT-TimerDL, the UE shall start drx-RetransmissionTimerDL and be in DRX active time to monitor PDCCH occasions for possible retransmission scheduling for the failed downlink transmission. 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 we keep the current values for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, the UE may need to wake up earlier than needed, which is not favourable for UE’s power saving.
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. 
In the last RAN2 meeting, we have discussed this issue and agreed that RAN2 to keep the current DRX timer values for now, but it can be revisited for performance optimization after high priority issues are resolved. We still suggest RAN2 to have a look at this issue when there is time and we believe it is straightforward to adopt longer timer values.
Proposal 5: RAN2 to 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 when there is time.
0. Impacts on directional LBT
RAN1 has supported directional LBT/per-beam LBT sensing according to the following agreements [5]:
	Agreement
For a COT with MU-MIMO (SDM) transmission, support both Alt 1 and Alt 2 below:
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, if the node can perform simultaneous sensing in different beams 
Note: On UE side, no UE capability will be introduced for this purpose. 

Agreement
Within a COT with TDM of beams with beam switching, at least support Alt 1
· Alt 1 (from previous agreement): Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT 

Agreement
Within a COT with TDM of beams with beam switching, Alt 2 is supported if the node has the capability to perform simultaneous sensing in different beams. Alt 3 is allowed as node implementation choice if the node also supports Cat 2 LBT. The use of Alt 2 or Alt 3 is based on node’s implementation.
· Alt 2 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch


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 6: RAN2 to 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:
Proposal 1: The interpretation of t_id in the formula for RA-RNTI/MsgB-RNTI calculation is to be updated as shown in Table 1 and Table 2.
Proposal 2: RAN2 to confirm that the ‘spare’ bit contained in MIB IE can be used for signalling   to UEs.
Proposal 3: RAN2 to discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, 0.01ms, etc.
Proposal 4: In order to lessen the burden for UE implementation on L2 buffer size, RAN2 can add more values for scalingFactor, e.g. 0.2, 0.1, and 0.05.
Proposal 5: RAN2 to 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 when there is time.
Proposal 6: RAN2 to discuss whether consistent LBT failure procedure shall involve directional LBT result.
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