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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]. In this paper, we further provide views on impact on timing requirements.
2. Discussion
2.1 UE transmit timing error
The Te requirements for larger SCS was discussed in the last meeting. The current status are summarized as follows:
	UL Timing accuracy requirements
· Basic principles
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner.
· Percentage of UL CP length Te can occupy
· Option 1: 40% - 50%
· Option 2: 30% - 40%
· Option 3: <30%
· SSB and UL SCS combinations
· RAN4 to specify UL timing accuracy requirements for the following (SSB SCS, UL SCS) combinations
· 120, 120
· 480, 480
· 960, 960
· FFS whether to define requirements for 
· 120, 960
· 120, 480
· 480, 960
· Other options with SSB SCS > UL SCS
· NTA Offset
· Current FR2 value for NTA offset 13792*TC is applicable for NR operation in 52.6 – 71 GHz range
· FFS: whether TRS can be used for RRC connected Te requirements
· Availability of SSB
· 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.
· FFS: [X = 20ms], [X = 40ms], [X=TBD]
· Initial transmit timing accuracy test
· RAN4 to discuss if the initial transmit timing accuracy test for 480/960kHz SCS should be defined as of statistical nature during the RRM performance part of the work



Based on the discussion in the lasting meeting, we can observed that it is hard to have a general principle which can apply to all cases when considering the Te requirement. It is because for operation in FR2-2, the margin left for UE is very limited, and some components in different cases may contribute considerable timing error which make it hard for UE to meet the Te requirements. For instance, if we consider the percentage of CP that Te could occupy as the general principle, then the consequence may be completely different for SSB 120 KHz + UL 960 KHz and SSB 960KHz + UL 960 KHz. And also considering the availability of SSB, the periodicity of SSB will bring considerable timing drift error with longer SSB periodicity. So, it is inefficient to consider the Te requirement when taking some corner cases in mind (e.g. 120 KHz SSB + 960 KHz UL data with long SSB periodicity). As this issue has been discussed for several meetings, and companies have valid concerns in terms of UE implementation margin and UL performance, we provide some compromise the solutions to move forward.
When discussing the percentage of UL CP length Te can occupy, some companies argued that the same level of percentage of legacy requirements shall be remained to guarantee the UL decoding performance. For legacy requirements, it should be noted that the length of CP is long enough for all cases and Te exceeding half CP is not a main issue needs to be considered when defining the legacy requirements. When it comes to FR2-2, the CP length could 1/8 of that in 120 KHz. Then, the relation between Te and CP length is the essential issue to be considered. Thus, we think we should guarantee the Te performance for those typical scenarios. 
Observation 1: Define Te requirements to guarantee the performance for typical scenarios.
Considering the SCS combinations, it has been agreed to define Te requirements for the case when SCS of SSB and UL are same (120, 120), (480, 480) and (960, 960), which are also the most typical case considered in RAN1. As mentioned in last meeting, RAN4 should also define requirements for the case the SCS of SSB is larger than that of UL (e.g. 480 KHz SSB and 120 KHz UL). The reason is that it UE can meet the requirements for (120, 120), it is less challenging for UE to meeting the requirement for (480, 120). Some company proposed to also define requirements for the case when SCS of SSB is smaller than that of UL (e.g. 120 KHz SSB and 960 KHz DL). We didn't see clear justification for such cases especially for (120, 960). Thus, it is proposed to define requirements for case when SSB SCS > UL SCS and discuss whether to have requirements for (120, 480) and (480, 960).
Proposal 1:  Define requirements for the case when SSB SCS > UL SCS in addition to the agreed cases, and discuss whether to have requirements for (120, 480) and (480, 960).
Another factor is to consider whether to define Te requirement based on TRS. TRS is expected always configured for UE in RRC connected mode, and UE can achieve better DL timing estimation performance if TRS is transmitted in larger frequency resource. However, according to the TRS configuration in TS 38.214 as follows, the frequency resource of TRS can be equal to the number of RBs of DL BWP. Considering the minimum channel bandwidth for FR2-2 is 100 MHz/400 MHz/400 MHz for 120/480/960, which is equal to RB number of 66/66/32. Compared to the RB number of SSB which is 20, TRS seems can provide higher resolution of DL timing estimation. However, it cannot be assumed that TRS are always transmitted in the whole channel bandwidth. If the active DL BWP is smaller for power saving consideration, the timing estimation gain by TRS is questionable. 
	if carrier , ,  and the carrier is configured in paired spectrum, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is X resource blocks, where  resources if the UE indicates trs-AddBW-Set1 for the trs-AdditionalBandwidth capability and  if the UE indicates trs-AddBW-Set2 for the AdditionalBandwidth capability; in these cases, if the UE is configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For operation with shared spectrum channel access, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.



Observation 2: The timing estimation accuracy based on TRS depends on bandwidth of TRS.
Thus, it is proposed to define the requirements based on SSB. Another factor that could impact the Te performance is the availability of SSB, which may bring considerable timing drift error. As analysed above, the performance of the most typical scenario should be guaranteed when the periodicity of SSB is 20 ms. If RAN4 define Te requirements based on longer SSB periodicity, it means for the typical case with 20 ms SSB, additional timing drift error are included. It was also proposed to define Te requirements based on 40 ms SSB periodicity. Our concern is from configuration perspective, it is possible for NW to configure longer SSB periodicity (e.g. 80 ms), and then what is the expected UE behaviour for those case? Thus, we proposed to have a separate set of Te requirements for longer SSB periodicity. Though the requirements is relaxed than that for 20 ms SSB, NW can have predictable performance of UE UL transmission. NW can decided whether to have such configurations based on its UL decoding performance. 
Observation 3: The timing error of UE UL transmission is unpredictable if only defining requirements for short SSB periodicity
Proposal 3: RAN4 to define Te requirements for typical SSB periodicity of 20 ms and a separate relaxed Te requirements for longer SSB periodicity.  
Based on the analysis above, we proposed to have two sets of requirements. One is for SSB SCS≥ UL SCS with SSB is available in the last 20ms. And another set of Te requirements for SSB SCS≥ UL SCS with SSB is available in the last 80ms. For the Te requirements with 20 ms SSB assumption, consider 30% as the percentage of UL CP that Te can occupy which seems to be an acceptable value that UL decoding performance can be guaranteed. And for 80 ms SSB assumption, the value is considered to be 40%
Proposal 4: Define Te requirements for following two cases:
SSB is available in the last 20 ms for SSB SCS ≥ UL SCS. The percentage of UL CP that Te can occupy is 30%.
SSB is available in the last 80 ms for SSB SCS ≥ UL SCS. The percentage of UL CP that Te can occupy is 40%.
Table I. Te when SSB is available in last 20ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	480
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	960
	120
	1.4*64*Tc
	7.7%

	
	480
	0.8*64*Tc
	17.8%

	
	960
	0.65*64*Tc
	29.0%



Table II. Te when SSB is available in last 80ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	480
	120
	1.9*64*Tc
	10.5%

	
	480
	1.2*64*Tc
	26.7%

	960
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.85*64*Tc
	37.9%



2.2 MRTD/MTTD
How to update the MRTD and MTTD requirements for operation in FR2-2 was discussed with following agreements:
	MRTD/MTTD
· Basic principles – FFS
· Propagation delay
· FFS: Assumptions on propagation delay for FR2-2
· MRTD for intra-band non-contiguous CA
· Wait for conclusions on TAE before defining the MRTD requirement for intra-band non-contiguous NR CA within FR2-2
· MRTD for FR2-2 inter-band CA
· No requirements needed unless more bands are introduced in RF room
· MRTD for FR1 and FR2-2 inter-band CA – FFS
· MRTD for FR1 and FR2-2 NR DC
· FFS – Inter-band synchronous NR DC between FR1 and FR2-2
· Option 1: Use the existing requirements for FR1 and FR2-1 MRTD requirements
· Option 2: Specify shorter MRTD requirements
· Option 3: Wait for conclusions on TAE requirements
· FFS – Inter-band asynchronous NR DC between FR1 and FR2-2



Based on the discussion in the last meeting, MRTD and MTTD requirements shall be updated for FR2-2 for following cases:
CA: 
Intra-band NC CA
FR1+FR2-2 inter-band CA
NR-DC； 
FR1+FR2-2 inter-band synchronous NR-DC
FR1+FR2-2 inter-band asynchronous NR-DC
For intra-band NCCA, it is agreed that TAE requirement is the main factor of MRTD requirements. The latest status of TAE discussion in RF session are shown as follows. It could be observed that the exact value of TAE for NCCA should wait for RF conclusion.
	R4-2120677
2.5	Signal quality – TAE
Agree same TAE applies for 120 kHz SCS in FR2-2 as in FR2-1. Agree that only highest supported SCS is tested.
For MIMO case: “Scale the value under 120kHz for larger SCS cases” as starting point.
For CA cases: FFS.



Observation 4: TAE requirements for FR2-2 is under discussion in RF session.
For FR1+FR2-2 inter-band CA, most companies agree to reuse the same principles in Rel-15 that MRTD is derived by TAE + propagation delay difference. As mentioned above, TAE requirements is still under discussion. RAN4 cannot conclude on exact MRTD values currently. And for propagation delay difference, some companies supported to have shorter propagation delay difference assumption compared to FR2-2 which is 1.5 km considering the higher frequency range. However, it is also related to antenna array assumptions which is still open in RF session. Thus, we suggest to take following propagation delay difference assumptions for considerations:
1. Same propagation delay difference as FR2-1
2. Shorter propagation delay differences, e.g. 1000 m
Proposal 5:
Take following propagation delay difference assumptions for considerations:
1. Same propagation delay difference as FR2-1
2. Shorter propagation delay differences, e.g. 1000 m
For async case, companies proposed that MRTD/MTTD shall compared the length of half slot with MRTD for sync case. It is because for large SCS, it is possible that the half slot time will be shorter than the MRTD for sync case (e.g. 33 us). As commented by companies during discussion, the slot index is not considered in MRTD, thus it does not make much sense to define MRTD larger than half slot. Thus, for asynchronization case, define MRTD/MTTD as half slot for corresponding SCS.
Proposal 6: For asynchronization case, define MRTD/MTTD as half slot for corresponding SCS.

3. Conclusions
Observation 1: Define Te requirements to guarantee the performance for typical scenarios.
Proposal 1:  Define requirements for the case when SSB SCS > UL SCS in addition to the agreed cases, and discuss whether to have requirements for (120, 480) and (480, 960).
Observation 2: The timing estimation accuracy based on TRS depends on bandwidth of TRS.
Observation 3: The timing error of UE UL transmission is unpredictable if only defining requirements for short SSB periodicity
Proposal 3: RAN4 to define Te requirements for typical SSB periodicity of 20 ms and a separate relaxed Te requirements for longer SSB periodicity.  
Proposal 4: Define Te requirements for following two cases:
SSB is available in the last 20 ms for SSB SCS ≥ UL SCS. The percentage of UL CP that Te can occupy is 30%.
SSB is available in the last 80 ms for SSB SCS ≥ UL SCS. The percentage of UL CP that Te can occupy is 40%.
Table I. Te when SSB is available in last 20ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	480
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	960
	120
	1.4*64*Tc
	7.7%

	
	480
	0.8*64*Tc
	17.8%

	
	960
	0.65*64*Tc
	29.0%



Table II. Te when SSB is available in last 80ms
	SSB SCS (kHz)
	UL SCS (kHz)
	Te 
	　Te/CP

	480
	120
	1.9*64*Tc
	10.5%

	
	480
	1.2*64*Tc
	26.7%

	960
	120
	1.6*64*Tc
	8.8%

	
	480
	1*64*Tc
	22.3%

	
	960
	0.85*64*Tc
	37.9%



Observation 4: TAE requirements for FR2-2 is under discussion in RF session.
Proposal 5:
Take following propagation delay difference assumptions for considerations:
3. Same propagation delay difference as FR2-1
4. Shorter propagation delay differences, e.g. 1000 m
Proposal 6: For asynchronization case, define MRTD/MTTD as half slot for corresponding SCS.
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