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1. Introduction
The WI on extending NR operation to 71GHz was discussed in the last RAN4 meeting. The timing related issue were discussed with agreements and pending issues captured in WF [1], and the Big CR was endorsed in [2]. In this paper, we further provide views on impact on timing requirements.
2. Discussion
2.1 UE transmit timing error
Regarding the UE transmit timing requirements, compromised agreements were reached in the last meeting after long discussion for several meetings. The agreements are shown as follows:

	Timing requirements
UE transmit timing error
SSB periodicity and set of requirements
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms
· X=80 ms for UL SCS of 480 kHz
· X=40 ms for UL SCS of 960 kHz
· Note: test cases will be defined for both cases
· Note: the agreement can be revisited in case no feasible Te requirements values are identified.

Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last X ms.
· For X = 80ms
	SSB SCS
	UL SCS
	Te/CP Ratio 

	120
	480
	[0.35]

	480
	480
	[0.30]

	960
	480
	[0.25]



· For X = 40ms
	SSB SCS
	UL SCS
	Te/CP Ratio

	480
	960
	[0.40]

	960
	960
	[0.38]



· Test cases for Te requirements for FR2-2 will be designed as having statistical nature
· Option 1: The rate of UE meeting the Te requirement observed during repeated tests shall be at least [90%].

UE implementation margin to be considered in Te requirements 
· A UE implementation margin of at-least eDRIFT + eDAC is needed in addition to the DL timing estimation uncertainty of eRS
· FFS if eRF_Calibration should be considered as part of the core requirements

SSB and UL SCS combinations
· Define the requirements for SSB SCS of 120kHz and UL SCS of 480kHz.
· Do not define the requirements for SSB SCS 120kHz and UL SCS of 960kHz.
· Define the requirements for SSB SCS of 480kHz and UL SCS of 960kHz




In the draft CR, the Te requirements when UL SCS is 120 KHz is still FFS, which is less controversial with larger CP. With 480/960 KHz SSB SCS, the transmit timing error is expected to be better than that for (120,120) and (240, 120). So for UL SCS of 120 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 160 ms, which is same as legacy requirements, and Te is proposed to be 2.7*64*Tc and 2.5*64*Tc respectively.
Proposal 1: For UL SCS of 120 kHz in FR2-2, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 160 ms, and Te is proposed to be 2.7*64*Tc when SSB is 480 KHz and 2.5*64*Tc when SSB is 960 KHz.
Another issue is about gradual timing adjustment requirement Tp and Tq. As analyzed in [3], current Tp and Tq requirements are too large for operation in FR2-2 with larger SCS. In the current spec, Tp and Tq are defined considering the time granularity of 200 ms and 1.5 RF margin. However, in FR2-2, it will occupy large portion of UL CP. First, it is suggested to considering the gradual timing adjustment in finer granularity (i.e. 100 ms), then the total timing drift per 100ms considering the mobility of 30 km/h in [3] is 12.8 ns. Regarding the RF margin, it is suggested to take the TA adjustment accuracy as baseline.
Proposal 2: Define gradual timing adjustment in finer granularity with 100 ms, which will leads to total 12.8 ns timing drift, and take the TA adjustment accuracy as baseline for the RF margin.
2.2 MRTD/MTTD
Regarding MRTD requirements, the current status are summarized as follows:
	MRTD definition
· FFS: RAN4 to change the definition of receive timing difference between carriers in case of NR CA to address the case when MRTD is larger than one slot. For instance, RTD can be considered between the slot boundaries
· FFS: Change the definition of MRTD for synchronous NR DC in FR2-2 as below, so that it could be larger than 0.5 slot 
· For FR2-2 operation, a UE shall be capable of handling a relative receive timing difference between slot timing boundary of a cell belonging to MCG and slot timing boundary from the same slot index of a cell belonging to the SCG to be aggregated for synchronous NR DC operation 

MRTD for intra-band non-contiguous CA
· MRTD = [0.26] µs for non-contiguous intra band CA in FR2-2

MRTD for FR1 and FR2-2 inter-band CA
· FFS: The existing MRTD requirements for inter-band CA for FR1 and FR2-1 can be reused for inter-band CA for FR1 and FR2-2, i.e., MRTD = 25 µs 

MRTD for FR1 and FR2-2 NR DC - Synchronous
· FFS: The existing MRTD requirements for FR1 and FR2-1 synchronous NR-DC can be reused for FR1 and FR2-2, i.e., MRTD = 33 µs




One point raised during discussion in previous meeting is that there could be the case when MRTD is larger than half slot length. For instance, for FR1 and FR2-2 inter-band CA, if MRTD is defined as 26 us, then according to current definition of MRTD which is the relative transmission timing difference among the closest slot timing boundaries of different carriers, MRTD requirements will also be satisfied. Companies commented in last meeting that to change the slot timing boundary to frame or sub frame timing boundary. We think it is valid according the CA synchronization assumption in TS 38.300 as follows:
	[bookmark: _Toc90589790][bookmark: _Toc52551265][bookmark: _Toc51971282][bookmark: _Toc46501934][bookmark: _Toc37231879][bookmark: _Toc29376006][bookmark: _Toc20387927]5.4.1	Carrier aggregation
In Carrier Aggregation (CA), two or more Component Carriers (CCs) are aggregated. A UE may simultaneously receive or transmit on one or multiple CCs depending on its capabilities:
-	A UE with single timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells sharing the same timing advance (multiple serving cells grouped in one TAG);
-	A UE with multiple timing advance capability for CA can simultaneously receive and/or transmit on multiple CCs corresponding to multiple serving cells with different timing advances (multiple serving cells grouped in multiple TAGs). NG-RAN ensures that each TAG contains at least one serving cell;
-	A non-CA capable UE can receive on a single CC and transmit on a single CC corresponding to one serving cell only (one serving cell in one TAG).
CA is supported for both contiguous and non-contiguous CCs. When CA is deployed frame timing and SFN are aligned across cells that can be aggregated, or an offset in multiples of slots between the PCell/PSCell and an SCell is configured to the UE. The maximum number of configured CCs for a UE is 16 for DL and 16 for UL.




Thus, for CA case, it is suggested to modify the definition of MRTD for FR1 and FR2-2 inter-band CA as the a relative transmission timing difference among the closest frame timing boundaries excluding slot offset if configured.
Proposal 3: Modify the definition of MRTD for FR1 and FR2-2 inter-band CA as the a relative transmission timing difference among the closest frame timing boundaries excluding slot offset if configured.
For NR DC case, companies suggest to have same modifications as CA. However, from our understanding, there is no synchronization assumptions for NR-DC. It could be seen from UE capability in TS 38.306 as follows:
	[bookmark: _Hlk19805092]sfn-SyncNRDC
Indicates the UE supports NR-DC only with SFN and frame synchronization between PCell and PSCell. If not included by the UE supporting NR-DC, the UE supports NR-DC with slot-level synchronization without condition on SFN and frame synchronization. In this release of the specification, the UE shall not report this UE capability.
	UE
	No
	No
	No



It could be observed that UE only needs slot-level synchronization for NR-DC in later release. Thus, there is no need to modify the definition of MRTD for NR-DC. In other words, if the MRTD for FR1 and FR2-2 NR-DC is defined as 33 us, it means there is no difference between sync NR-DC and async NR-DC.
Proposal 4: No need to modify the definition of MRTD for NR-DC. The MRTD for FR1 and FR2-2 can be defined as 33 us or min (33us, 0.5 slot)
Another point about intra-band CA is that intra-band non-contiguous CA within FR2-2 was down-scope from Rel-17 according to the discussion in RP#95e, which is captured in the exception sheet RP-220991. Thus, it is straightforward that there is no need to define requirements for intra-band non-contiguous CA within FR2-2.
Proposal 5: There is no need to define MRTD/MTTD requirements for intra-band non-contiguous CA within FR2-2.
Regarding the MTTD requirements, the general principle is agreed as follows:
	· Define MTTD requirements in FR2-2 based on the following rule:
· MTTD = MRTD + (TA step size / 2+ TA adjustment accuracy + Te) in cc1 + (TA step size / 2 + TA adjustment accuracy +Te) in cc2



Based on the status on Te, TA adjustment accuracy and MRTD, the MTTD for inter-band FR1 and FR2-2 CA and inter-band FR1 and FR2-2 NR-DC can be calculated as 26.0 us and 34.0 us. It should be noted that it may subject to further discussion on the value of the components.
Observation 1: MTTD for inter-band FR1 and FR2-2 CA and inter-band FR1 and FR2-2 NR-DC can be calculated as 26.0 us and 34.0 us, which may subject to conclusion on MRTD and TA adjustment accuracy.
3. Conclusions
Proposal 1: For UL SCS of 120 kHz in FR2-2, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 160 ms, and Te is proposed to be 2.7*64*Tc when SSB is 480 KHz and 2.5*64*Tc when SSB is 960 KHz.
Proposal 2: Define gradual timing adjustment in finer granularity with 100 ms, which will leads to total 12.8 ns timing drift, and take the TA adjustment accuracy as baseline for the RF margin.
Proposal 3: Modify the definition of MRTD for FR1 and FR2-2 inter-band CA as the a relative transmission timing difference among the closest frame timing boundaries excluding slot offset if configured.
Proposal 4: No need to modify the definition of MRTD for NR-DC. The MRTD for FR1 and FR2-2 can be defined as 33 us or min (33us, 0.5 slot)
Proposal 5: There is no need to define MRTD/MTTD requirements for intra-band non-contiguous CA within FR2-2.
Observation 1: MTTD for inter-band FR1 and FR2-2 CA and inter-band FR1 and FR2-2 NR-DC can be calculated as 26.0 us and 34.0 us, which may subject to conclusion on MRTD and TA adjustment accuracy.
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