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1 Introduction

In last RAN plenary meeting, the WID for supporting NR up to 71GHz was updated in RP-211584, with clear guidance on the RAN2 impacts as below:

· Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
· Note: RAN2 is to prioritize protocol support of RAN1 design and not on optimizations on items not discussed in RAN1.
With this guidance, from RAN2 perspective, only the necessary spec changes are considered due to RAN1 enhancements rather than optimizations which were not even discussed in RAN1.
One of the enhancements in the current revised WIS is the newly introduced subcarrier spacing, i.e., SCS, as below:

· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 

Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
Thus, in this contribution, we mainly discuss the potential impacts of RAN2 due to the new SCS, i.e., 480KHz and 960KHz. 
2 Discussion

There are several places in the current MAC specification, which may need updates due to new SCS.

The first plase is related to the RA-RNTI calculation, as copied from 5.1.3 from 38.321:

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).
Based on the formulation, it’s observed that the subcarrier spacing has impact on the range of t_id, i.e., the 80 slots in the current formulation is determined based on the 120KHz numerology. In order to support 480KHz and 960KHz SCS, the number of slots per system frame should be extended which is supposed to be 320 slots and 640 slots per system frame for 480KHz and 960KHz SCS pespectively.
Given the extended t_id range, the current formulation for calculating RA-RNTI does not work anymore. One straightforward issue is that the current t_id is up to 80, however for the new SCS, i.e., 480KHz and 960KHz, the t_id can be extened beyond 80, how to make an index of those ROs which are configured beyond slot number 80 in a system frame?

The other issue is that, even though the range of t_id can be extended correspondingly, the RA-RNTI is limited to 16 bits with the maximum value of 65535, with the extended range of t_id, the calculated RA-RNTI is far more beyond the limit, i.e., 65535. Thus, when two different ROs in the time domain are picked up, it may turn out to be calculated with the same RA-RNTI which is the typical RA-RNTI confusion issue. 
Actually the RA-RNTI confusion issue was discussed in R16 for the NR-U case, due to the extended RAR response window. The solution was to introduce a indicator in the DCI schduling the RAR so that the UE can be indicated whether the received RA-RNTI is for itself or not. We think a similar solution can be considered but more details should be further discussed.
Based on the above, one possible solution is to reuse the current formula of RA-RNTI with the target of minimize the spec impacts. In order to solve the extended t_id range issue, the t_id is modulo by 80, in this case the index beyond 80 in a system frame can be within the range t_id range. Meanwhile, additonal indicator in the DCI for scheduling RAR is needed to differentiate the time-frequency resources of the RO. For example, for 960KHz SCS with 640 slots, up to 3 bits are needed to indicate 8 ranges (including 80 slots) in a frame. 
Observation 1 With new SCS (480KHz and 960KHz), two issues for the current RA-RNTI formulation, one is the how to make index of those RO which are configured beyond slots number 80, the other one is the RA-RNTI confusion.
Proposal 1 Reuse the current formula of the RA-RNTI, introduce additional indicator in the DCI for scheduling RAR to differentiate different ROs.
The second impact is related to the LCP restrictions, as copied from 5.4.3.1 in the MAC specification:
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;

-
allowedCG-List which sets the allowed configured grant(s) for transmission;

-
allowedPHY-PriorityIndex which sets the allowed PHY priority index(es) of a dynamic grant for transmission.
For the allowedSCS-List, it’s used by the network to control what kind of subcarrier spacings are allowed for a certain transmission for the UE. In other words, being configured with the allowedSCS-List, the data from different logical channels may be restricted to a certain SCS which are indicated by this parameter. With the new SCS, network should also be able to have the feasibility to control whether a certain transmission can be allowed to performed on the new introduced SCSs, thus the corresponding change is needed.
Proposal 2 Update the LCP restrictions, i.e., allowedSCS-List, so that a certain transmission is restricted on the new introduced SCSs.
The third impact is related to guard symbols MAC CEs with the format below, as copied from 6.1.3.22 in the MAC specification:
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The guard symbol MAC CE is actually used by the IAB-DU for indicating the child node about the number of guard symbols. In the current format, the SCS is only 2 bits which can be used to indicate the legacy 4 SCSs. However, with new SCS (480KHz and 960KHz), it’s not feasible to indicate more than 4 SCSs based on the current format. Before modifying the current guard symbol MAC CE, it would be good to double check with RAN1 whether the new SCS is applied to IAB case since this was not discussed in RAN1.

Proposal 3 Send an LS to RAN1 to double check whether new SCS (480KHz and 960KHz) are applied to IAB case.
Proposal 4 If confirmed by RAN1, RAN2 further discuss how to enhance guard symbols MAC CE so that the new SCS can be indicated.
3 Conclusion

Based on the discussion above, we made the following observations:

Observation 1
With new SCS (480KHz and 960KHz), two issues for the current RA-RNTI formulation, one is the how to make index of those RO which are configured beyond slots number 80, the other one is the RA-RNTI confusion.
Proposal 1
Reuse the current formula of the RA-RNTI, introduce additional indicator in the DCI for scheduling RAR to differentiate different ROs.
Proposal 2
Update the LCP restrictions, i.e., allowedSCS-List, so that a certain transmission is restricted on the new introduced SCSs.
Proposal 3
Send an LS to RAN1 to double check whether new SCS (480KHz and 960KHz) are applied to IAB case.
Proposal 4
If confirmed by RAN1, RAN2 further discuss how to enhance guard symbols MAC CE so that the new SCS can be indicated.
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