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Introduction 
In RANP#91e, the WI “Extending current NR operation to 71GHz” was approved with the following RAN2 objective:
· 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.
This was further revised in RANP#92e to include the following note [1]:
· Note: RAN2 is to prioritize protocol support of RAN1 design and not on optimizations on items not discussed in RAN1.
In this contribution, we discuss the areas that have been discussed in RAN1 and will have impact to RAN2 specification 
Discussion
RAN 1 related discussion
RAN1 carried out a Rel-17 study on supporting NR from 52.6 GHz to 71GHz. In addition to SCS of 120kHz, additional SCS 480kHz and 960kHz are also introduced for this frequency range for data and control channels and reference signals.  The followings are areas where RAN1 is discussing and their RAN2 impact:
	Areas
	Details
	RAN2 impact 

	Initial Access
	480kHz and 960kHz SSB design
· DB and DBTW support for unlicensed operation
· SSB/PBCH and CORESET#0-PDCCH search space configuration
	RRC L1 signalling and potential UE capability impact.
RAN1 has not identified any specific impact to RAN2 yet.

	
	RACH design
· PRACH format and RACH occasion configuration
· RA-RNTI calculation update
	RRC L1 signalling and potential UE capability impact
RAN1 has identified the impact on the RA-RNTI calculation update. RAN1 is already discussing this.

	PDCCH enhancements
	PDCCH monitoring 
· Multi-slot PDCCH monitoring capability (mainly for 480kHz and 960kHz SCS) 
· Details of PDCCH occasion in a slot (for 480kHz and 960kHz SCS) 
· Search space configuration 
	RRC L1 signalling and potential UE capability impact
RAN1 has not identified any specific impact to RAN2 yet.

	PUCCH enhancements
	Due to the power spectral density limitation in 60GHz band in many regulatory domain, PUCCH transmission (with small RB allocation) may not be able to be transmitted at maximum transmit power, as maximum PSD limits will limit the transmission power. RB sizes needs to be increased for PUCCH format so that max TX power can be used.
	RRC L1 signalling and potential UE capability impact
RAN1 has not identified any specific impact to RAN2 yet.

	PUSCH/PDSCH enhancements
	DMRS enhancements 
· RAN1 has identified performance issues with applying frequency domain orthogonal codes for DMRS (to differentiate DMRS ports). RAN1 is discussing methods on fixing the performance issue. 
 
PTRS enhancements 
· Phase noise is one of the main RF impairments for 60GHz band, and RAN1 is discussing methods on enhancing PTRS and/or methods on improving phase noise compensation performance. 
 
Multi-slot PDSCH/PUSCH transmission 
· Slot duration for 480kHz and 960kHz is extremely short. RAN1 has agreed to introduce multi-slot PDSCH and PUSCH transmission that will allow gNB to schedule PDSCH and PUSCH in units of multiple slots. 
 
HARQ-ACK feedback enhancements 
· HARQ-ACK feedback updates to enable support to multi-slot PDSCH transmission is being discussed in RAN1. 

	RRC L1 signalling and potential UE capability impact
RAN1 has not identified any specific impact to RAN2 yet.

	Beam management/RLM
	· How to apply the UE capability for beam management
· Size of the beam switching gap
· TCI state configuration for multi-slot PDSCH and PUSCH transmission.

	Potential UE capability impact.  Other impact may need to wait for RAN1 and 4.

	Channel access
	LBT:
· ED threshold and measurements
· Operation in COT sharing
· Directional LBT and receiver aided LBT
· Switching between LBT and no LBT mode
	RRC L1 signalling and potential UE capability impact
RAN1 has not identified any specific impact to RAN2 yet.



From the above, except RRC configuration and UE capability, the only impact to RAN2 currently identified by RAN1 is:
· RA-RNTI/MsgB-RNTI size to support SCS 480kHz and 960kHz
In the existing 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], 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 issue is that t_id range is increased from 80 to 640 for the case of 960kHz SCS.  With this, the maximum value of RA-RNTI is 143360, which is greater than 16-bit RNTI range.  RAN1 is also discussing the RO configuration for SCS 480kHz and 960kHz. One of the options (Option 1) is to use reference slot duration corresponds to 60kHz SCS. With this option, the number of ROs are not increased for SCS 480kHz and 960kHz, they will be the same as 1 or 2 RO within 1 slot of SCS 60kHz and the additional slots can be truncated and thus fit within the existing RA-RNTI space. The change is to update the RA-RNTI calculation.  The same can be applied also for MsgB-RNTI.
Agreement:
For 480kHz and 960kHz PRACH, 
· Down-select among option 1 and 2
· Option 1) The reference slot duration corresponds to 60 kHz SCS. A PRACH slot index, [image: ] , corresponds to one of the starting 480/960 kHz PRACH slots within the reference slot.
· FFS: supported values of the starting PRACH slot index [image: ] within reference slot and whether or not the ROs for a given PRACH configuration can span more than one PRACH slot if gaps between consecutive ROs are supported for LBT and/or beam switching purposes
· Option 2) Each 120kHz RO corresponds to 4 and 8 candidate RO positions for 480kHz and 960kHz PRACH, respectively. Information about the number and locations of 480/960kHz candidate RO(s) are configured or pre-selected within each 120kHz RO. The reference 120kHz RO is determined by the current PRACH configuration method in Rel-15/16 specification.

Since RAN1 is discussing both the RO configuration and RA-RNTI/MsgB-RNTI together, it would be good to wait for RAN1 to conclude on this.
Observation#1: RAN1 is discussing both the RO configuration and RA-RNTI/MsgB-RNTI together
Proposal#1: Wait for RAN1 to progress on the calculation of RA-RNTI/MsgB-RNTI issue
UE capability related impact
FR designation
In the last RAN plenary, the following was added to the revised WI [1]:
[bookmark: _Hlk58594589]Note 5: FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. 
· The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analysed on a case by case basis
· The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.
· TSG RAN specifications shall make it very clear (to readers) that frequency bands in the 52.6-71GHz range are only Release-independent from Rel-17 onwards, to ensure that there is clear industry understanding about which FR2 features are applicable for operation in 52.6-71GHz range.
NOTE 5a: Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
NOTE 5b: The designations FR2-1 and FR2-2 should only be used when needed.

UE capabilities not requiring “FR1-FR2 Diff”
In Note 5 1st bullet, FR2-2 may be applied to existing UE capabilities after analysis.  The first question is whether there is a need to indicate this in TS38.306.  For this, our view is that, unless otherwise stated, FR2-2 is applicable wherever FR2 is applicable unless explicitly stated otherwise (i.e. no change to the TS38.306).  We think this is aligned to NOTE 5a and 5b.   Likewise, for Note 5 2nd bullet, it may also be possible for a new UE feature introduced for 52.6-71GHz to be applicable to (i) only FR2-2 or to (ii) both FR2-1 & FR2-2 or to (iii) all FRs. This can be expressed in the field description of the UE capability if the UE capability is per band. For the UE capability which per UE, it can be expressed in FR1-FR2 Diff column (e.g. FR2-2 only, FR2 only or ‘Yes/No’) and depends on whether FRx differentiation is needed (See ‘UE capabilities requiring “FR1-FR2 DIff”).
For the new UE capabilities introduced by FR2-2, RAN2 can decide later whether to group them (similar to sharedAccessSpectrumAccess).
Proposal#2: An existing UE capability applicable to FR2 is also applicable to FR2-2, unless otherwise stated (i.e. in the field description of the UE capability that it is not applicable to FR2-2) in TS38.306,
Proposal#3: If a new UE capability introduced for FR2-2 is also applicable to FR2-1 and/or FR1 and the UE capability is per band, this can be expressed in the field description of the UE capability.

UE capabilities requiring “FR1-FR2 Diff”
For an existing UE capability already requires FR1-FR2 Diff, a second question is whether there is a need to further differentiate out between FR2-1 and FR2-2 in FR2. It can be argued that UE indicates support of FR2 may have tested with FR2_1 but not FR2_2 or vice versa. From the RRC signalling perspective, one straightforward way is to replicate the existing UE capabilities for FR2-2, similar to legacy capabilities also applicable to shared spectrum access operation.
Proposal#4: For an existing UE capability already requires FR1-FR2 Diff and further differentiation between FR2-1 and FR2-2 is needed, the existing UE capability is replicated for FR2-2, similar to legacy capabilities also applicable to shared spectrum access operation.
Likewise, for Note 5 2nd bullet, it may be possible for a new UE feature introduced for 52.6-71GHz to be applicable also to FR2-1 or to both FR2-1 and FR1 and FRx differentiation may be needed.  One easy solution is to make such feature per band, instead of per UE.  RAN1 had done this for features related to shared spectrum access. For UE capability that has to be per UE, “FR1-FR2 Diff” column can be used to express the need of the FRx differentiation (via the ‘Yes/No’ and also whether it needs FR2-1 and FR2-2 differentiation).
Proposal#5: For a new UE feature introduced for 52.6-71GHz to be applicable also to FR2-1 or to both FR2-1 and FR1 and FRx differentiation is needed,  one easy solution is to make such feature per band, instead of per UE. For UE capability that has to be per UE, “FR1-FR2 Diff” column can be used to express the need of the FRx differentiation (via the ‘Yes/No’ and also whether it needs FR2-1 and FR2-2 differentiation).
Layer 2 buffer size and RLC RTT
With the introduction of SCS480kHz and 960kHz, the Table 4.1.4-1 in Section 4.1.4 below needs to be updated to include the RLC RTT:
 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


For SCS15kHz, RTT of 50 ms was used based on the PDCP SN size. For the other higher value SCS, they are dependent on the HARQ RTT and also taking into consideration of UE memory requirement and gNB scheduling flexibility. Since HARQ RTT depends on the UE processing latency, this is yet to be determined in RAN1.
Proposal#6: To introduce the RLC RTT vales for SCS480kHz and 960kHz in the table on RLC RTT for NR cell group per SCS. FFS on the values (wait for RAN1 progress on UE processing latency)

RAN 4 related discussion
RAN4 just started discussing this in the last meeting.  If there is any impact to RAN2 (other than R4 UE feature list), a LS will be sent to inform RAN2 for attention and RAN2 can work and discuss according to the changes needed.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: RAN1 is discussing both the RO configuration and RA-RNTI/MsgB-RNTI together
Proposal#1: Wait for RAN1 to progress on the calculation of RA-RNTI/MsgB-RNTI issue
Proposal#2: An existing UE capability applicable to FR2 is also applicable to FR2-2, unless otherwise stated (i.e. in the field description of the UE capability that it is not applicable to FR2-2) in TS38.306,
Proposal#3: If a new UE capability introduced for FR2-2 is also applicable to FR2-1 and/or FR1 and the UE capability is per band, this can be expressed in the field description of the UE capability.
Proposal#4: For an existing UE capability already requires FR1-FR2 Diff and further differentiation between FR2-1 and FR2-2 is needed, the existing UE capability is replicated for FR2-2, similar to legacy capabilities also applicable to shared spectrum access operation.
Proposal#5: For a new UE feature introduced for 52.6-71GHz to be applicable also to FR2-1 or to both FR2-1 and FR1 and FRx differentiation is needed,  one easy solution is to make such feature per band, instead of per UE. For UE capability that has to be per UE, “FR1-FR2 Diff” column can be used to express the need of the FRx differentiation (via the ‘Yes/No’ and also whether it needs FR2-1 and FR2-2 differentiation).
Proposal#6: To introduce the RLC RTT vales for SCS480kHz and 960kHz in the table on RLC RTT for NR cell group per SCS. FFS on the values (wait for RAN1 progress on UE processing latency)
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