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1. Introduction

RAN1 has carried out 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 new numerologies, i.e. larger subcarrier spacings. Additional SCS 480 KHz, and 960 KHz beyond 120 KHz are introduced for this frequency range.
In this contribution, we will try to figure out some potential RAN2 impacts by the extension of SCSs, in order to extend current NR operation up to 71GHz.
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. We will further elaborate the potential impacts on each procedure with the introduction of new numerologies.
2.1 Impacts on RNTI calculation
In 4-step RACH procedure, when a random access preamble is transmitted, UE shall monitor RAR with RA-RNTI, which is calculated according to the following formula excerpted from TS 38.321 [2]:
	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], 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).


In the formula, t_id means the slot index within a radio frame, which can take a value between 0 and 80. Such value range is based on the understanding that there are at most 80 slots in one radio frame, since the maximal PRACH SCS is 120 KHz in legacy scenarios. However, when new PRACH SCSs are introduced, the formula is not suitable anymore. For example, considering a scenario where SCS=480 KHz, there are 240 slots in one radio frame. Unless we restrict that the network can only configure RACH occasions in the first 80 slots of each radio frame, the legacy formula cannot be reused. Otherwise, if the network can flexibly configured RACH occasions among the slots within a radio frame, some further enhancements for the RA-RNTI calculation may be needed.
Observation 1: The legacy RA-RNTI calculation may not be suitable if new numerologies, i.e. 480 KHz or 960 KHz PRACH SCSs, are introduced.
One simple solution can be considered is to extend the available range of t_id. For example, let 0 ≤ t_id < 640 to capture the maximal PRACH SCS of 960 KHz. Accordingly, the calculation of RA-RNTI will be updated as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 640 × f_id + 14 × 640 × 8 × ul_carrier_id.
But there is a side-effect if we directly extend the available range of t_id. The calculated RA-RNTI may exceed the available range of RNTI. For example, we take ul_carrier_id=1, then RA-RNTI > 76160, which is even bigger than highest possible value of RNTI, i.e. 2^16-1.
Another solution 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.
For 2-step RACH procedure, the calculation for MSGB-RNTI calculation faces a similar issue. We think a unified solution can be adopted.

This issue is being discussed in RAN1, and several possible solutions are being evaluated in RAN1. We think we can wait for RAN1’s progress and discuss RAN2 impacts based on RAN1’s input.
Proposal 1: RA-RNTI/MSGB-RNTI calculation with the introduction of new numerologies can be discussed based on RAN1’s further input.
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. Then the MAC entity allocates the uplink grant to 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.
Within the restriction parameters, allowedSCS-list sets the allowed SCS(s) for transmission. Currently, allowedSCS-list can take a value from 15 KHz, 30 KHz, 60 KHz, 120 KHz, and 240 KHz. When new SCSs are specified for data channels, these new SCS values shall be added to allowedSCS-list. In the current RRC spec, parameter allowedSCS-list refers to the IE SubcarrierSpacing. It shall be noted that such IE is referred to by numerous other RRC parameters, e.g., the SCS parameter included in BWP configuration. In order to accommodate new numerologies for RRC parameters including allowedSCS-list, we need to add 480 KHz and 960 KHz to the IE SubcarrierSpacing.
Proposal 2: New SCS values, i.e. 480 KHz and 960 KHz, are added to the IE SubcarrierSpacing.
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, and so on.
Proposal 3: RAN2 discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, 0.01ms and so on.
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, 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. When 480 KHz and 960 KHz SCSs are introduced for 52.6-71 GHz frequency band, we think additional RLC RTT for new SCSs shall be defined. The specific RLC RTT value for each SCS can be further discussed.
Proposal 5: RAN2 discuss to define new RLC RTT values for 480 KHz and 960 KHz SCS. FFS specific RLC RTT values for 480 KHz and 960 KHz.
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.
However, it depends on RAN1 whether new SCS indication in MIB will be introduced for FR2-2 frequency range, we can wait for RAN1’s progress to make further investigation.
Observation 2: Impacts on SCS indication in MIB signalling shall depend on RAN1’s progress.
3. Conclusion

In this contribution, we analyzed some potential RAN2 impacts on the extension of SCSs, in order to support 52.6-71 GHz, and made the following observation and proposals:

Observation 1: The legacy RA-RNTI calculation may not be suitable if new numerologies, i.e. 480 KHz or 960 KHz PRACH SCS, are introduced.

Observation 2: Impacts on SCS indication in MIB signalling shall depend on RAN1’s progress.
Proposal 1: RA-RNTI/MSGB-RNTI calculation with the introduction of new numerologies can be discussed based on RAN1’s further input.
Proposal 2: New SCS values, i.e. 480 KHz and 960 KHz, are added to the IE SubcarrierSpacing.
Proposal 3: RAN2 discuss whether new values shall be added to maxPUSCH-Duration, e.g. 0.0313ms, 0.0156ms, and so on.

Proposal 4: RAN2 discuss whether new values for DRX parameters shall be introduced, for example, for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
Proposal 5: RAN2 discuss to define new RLC RTT values for 480 KHz and 960 KHz SCS. FFS specific RLC RTT values for 480 KHz and 960 KHz.
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