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Introduction
During the discussion on the RAN4#96-e meeting issues regarding the timing requirements for the operation between 52.6 and 71 GHz were introduced. The agreed way forward regarding that topic is shown below [2]: 
	· Sub-Carrier Spacing
· Further evaluation on feasibility of SCS from 120 kHz to 960 kHz in the next meeting.
· Companies are encouraged to evaluate feasibility from RAN4 perspective, i.e.,
· EVM
· Timing requirement
· Etc.
· FFS on 1920 kHz



In [3] some questions were raised on potential issues regarding cell phase synchronization, initial access synchronization accuracy, and UE timing advance adjustment accuracy when operating with the larger sub-carrier frequencies that are being discussed for operation above 52.6 GHz.  In this paper we provide Nokia’s views on the matter and a text proposal for inclusion on TR 38.808
Discussion
2.1 Phase synchronization
Firstly, it should be noted that the premise of the timing concerns in [3] is that NR operation above 52.6 GHz will aim at reducing latency compared to current FR2 operation. While such outcome would certainly be nice to have, it should be noted that extremely low latencies are not required in all use cases, e.g. if the optimization target is achieving high throughput. High throughput made possible by extremely wide available bandwidths appears as an attractive and feasible design target to be prioritized over improved latency. 
Based on the need, gNB can adjust the guard time (one or more full symbols) for UL-DL and DL-UL switching. It can be noted that the granularity to adjust the switching gap increases with the increasing SCS. Based on that, a high SCS has opportunities for smaller GP overhead compared to a low SCS.
Overall, the configured SCS needs to selected based on the deployment scenario. It was shown in [3] that when the worst case timing errors for each timing error contributor realize at the same time, the remaining budget left for delay spread is not that big. However, operator is not mandated to configure widest SCS at deployments where delay spread is large. It should be also noted that simulation assumptions in RAN1 performance study include scenario with low delay spread, i.e. also low delay spread scenarios are expected to realize in the field – therefore this is not a factor which limits what SCS should be specified for NR operation above 52.6 GHz.
[bookmark: _Toc54025118]Observation 1: Lower latency than the currently achieved in Rel.15/16 is not among explicit objectives of this study [1]. 
[bookmark: _Toc54025119]
Observation 2: The TDD pattern configuration can be adjusted in accordance to the environment to mitigate the timing issues and the corresponding guard period overhead. Opportunities for favourable configuration increase with increased SCS.

Observation 3: Correct configuration needs to be selected for each deployment scenario, not all configurations need to apply to all deployments.
[bookmark: _Toc54025120]Proposal 1: Maintain timing requirements related to the TDD guard periods. 
Another aspect of phase synchronization is MIMO operation and related TAE requirements. In case  hybrid beamforming is used, 2-port MIMO implementation is the most reasonable assumption. The MIMO TAE requirement should be specified with the consideration of the implementation/deployment scenarios. Regarding to multi-TRP operation, though it is assumed that the PDSCH from the different TRPs are received within a CP for FR1, there is still a discussion of supporting non-synchronous scenario. In addition, for higher frequency, UE receives the PDSCH from multiple TRP by different panels, and further relaxation of the timing requirement between TRPs can be considered. 
It can also be noted that the scenario with excessive delay spread/relative delay are often coverage limited. In these scenarios narrowband operation based on 120 kHz SCS may be a more reasonable choice anyway. 

Current OTA TAE requirements in clause 9.6.3 of TS 38.104 specify 65 ns for MIMO transmission [10]. It has been discussed in [11] that the current requirement has been in place since UMTS and is the same as quarter of the UMTS chip rate time, i.e. 65 ns matches to 4x3.84 Mcps rate. Improvement in performance is likely to have happened in the past 20 years, and therefore it would be reasonable to consider improvements to TAE requirements.

Proposal 2: Improvement of TAE requirements shall be considered
2.2 Analog beam switching
In FR2 beam switching is assumed to take place during CP. When the SCS increases the CP duration decreases accordingly. Therefore, there is a need to consider the validity of the FR2 assumptions for higher numerologies. There seems to be two separate scenarios. 
Initial access: This requires specific consideration since the SSB structure cannot be changed based on the gNB scheduler decision. The bottom line is that the phase shifters can change state in few ns when using the technology already available today, i.e. in lot less than 100ns, which is the baseline assumption for current FR2 operating bands. Thus, we consider that assumption for the beam switching time is << 70 ns meaning that normal cyclic prefix length of 960 kHz subcarrier spacing is long enough to handle beam switching and no explicit beam switching gap is needed between successive SSB blocks.  
Other cases: Based on the need, gNB can reserve a separate guard time (one or more full symbols) for beam switching. In many cases, the beam switching can happen during the guard time reserved for the link direction switching. It can be noted that the granularity to adjust the switching gap increases with the increasing SCS. Based on that, a high SCS has opportunities for smaller GP overhead compared to a low SCS. 
Based on the discussion, there seems to be no differences between 480 kHz and 960 kHz SCSs from the beam switching point of view.
Observation 4: Analog beam switching delay assumption for current FR2 operating bands is very pessimistic

Observation 5: 960 kHz SCS is feasible from analog beam switching delay perspective
2.3 Initial timing acquisition
As discussed in [7] it would be very beneficial to introduce 960 kHz SCS for control and data in downlink and uplink. Then, if only the existing numerology was available for the SSB {120 or 240 kHz} and higher SCS like 960 kHz for uplink transmissions there could be initial uplink timing accuracy issue. That is due to not having SSB enough wide allocation in frequency domain to provide required time synchronization accuracy. On the other hand, this is not issue for RRC connected UEs for which TRS can be configured to support the sufficient uplink timing accuracy.
To solve the potential issue regarding the initial uplink timing accuracy we see two possible options:
1) Introduce 960 kHz SCS for SSB
2) Use an RS available also for IDLE mode UEs like DMRS of CORESET#0 in occasions configured for Type0-PDCCH monitoring
Discussion for initial timing acquisition is on-going in RAN1, and proposals how to address it have been made e.g. in [7]. Therefore, RAN4 should wait on the outcome of RAN1 discussion before doing conclusions on initial timing acquisition performance.
[bookmark: _Toc54025121][bookmark: _Toc54025122][bookmark: _Toc54025123]Observation 6: When initial SSB-based timing acquisition is concerned, it is currently discussed in RAN1 the use of wider SCS SSBs for improved timing accuracy. 
[bookmark: _Toc54025124]Proposal 3: Wait for RAN1 decision on sub-carrier spacings for SSBs before advancing on the initial timing requirements. 
2.4 Timing advance adjustments
The mechanism for UE timing advance adjustment includes the BS controlled MAC CE TA commands, and the autonomous timing adjustments by the UE. The control by the BS with MAC CE commands, which is described in the clause 4.2 in 38.213 [5]:
	For a SCS of [image: ] kHz, the timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing for the TAG in multiples of [image: ]. The start timing of the random access preamble is described in [4, TS 38.211].
In case of random access response, a timing advance command [11, TS 38.321], [image: ], for a TAG indicates [image: ] values by index values of [image: ] = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of [image: ] kHz is [image: ]. [image: ] is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response.
In other cases, a timing advance command [11, TS 38.321], [image: ], for a TAG indicates adjustment of a current [image: ] value, [image: ], to the new [image: ] value, [image: ], by index values of [image: ] = 0, 1, 2,..., 63, where for a SCS of [image: ] kHz, [image: ]. 



From clause 4.2 in 38.213, it is possible to observe that the timing adjustment commands are scaled by the used numerology µ in multiples of [image: ]. The accuracy of the timing adjustment command is specified for each UL SCS in 38.133 [4] as:
	Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc







In addition to the adjustments triggered by MAC CE TA commands, the UE may also adjust its timing autonomously when observing differences in the downlink timing as described in 38.213 [5]:
	If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as described in [10, TS 38.133], the UE changes [image: ] accordingly. 



The limits for the adjustments are specified in 7.1.2.1 of 38.133 [4]: 
	7.1.2.1	Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds ±Te then the UE is required to adjust its timing to within ±Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]







It is possible to observe that the autonomous time adjustment includes a time adjustment step, and an adjustment rate that depend on the SCS of the uplink signals. 
[bookmark: _Toc54025125]Observation 7: Timing adjustment commands are scaled by the numerology µ in multiples of  with an accuracy defined by Table 7.3.2.2-1 in TS 38.133.
Proposal 4: RAN4 to apply scaling of UE timing accuracy in Table 7.3.2.2-1 in TS 38.133 for wider SCS in >52.6 GHz, similarly to what is currently specified for existing SCS values. 
[bookmark: _Toc54025127]Observation 8: In addition to MAC CE TA commands, the UEs adjust its time advance whenever there is a transmission timing error between the UE and the reference timing above ±Te from Table 7.1.2-1 in 38.133. The step size and rate of autonomous adjustments are defined based on the subcarrier spacing. 
[bookmark: _Toc54025128]
Observation 9: The timing error limit Te is defined as a function of the SCS of the SSB and of the uplink signals. 

[bookmark: _Toc54025130]Proposal 5: RAN4 to study the adaptation of the autonomous time adjustment parameters, Tq and Tp, for larger subcarrier spacings at >52.6 GHz carrier frequencies. 
The channel bandwidth and subcarrier spacing aspects were discussed in [6], filling in the complete picture for numerology related considerations for NR operation above 52.6 GHz. Overall based on the discussion in the documents in addition to support 2.16 GHz channel bandwidth without CA, 960 kHz SCS does not have more challenges to be supported than narrower subcarrier spacings. For any new subcarrier spacing, RAN4 requirements need to be adjusted accordingly and proper configuration needs to be selected based on use case and deployment scenario.
Observation 10: 960 kHz SCS is feasible from timing perspective and beneficial to be specified.
[bookmark: _Hlk31794208]Conclusion
In this contribution we provided Nokia’s views on the synchronization issues when operating with wider SCS. Given this discussion the following observations and proposals are derived.
Observation 1: Lower latency than the currently achieved in Rel.15/16 is not among explicit objectives of this study [1]. 

Observation 2: The TDD pattern configuration can be adjusted in accordance to the environment to mitigate the timing issues and the corresponding guard period overhead. Opportunities for favourable configuration increase with increased SCS.

Observation 3: Correct configuration needs to be selected for each deployment scenario, not all configurations need to apply to all deployments.
Observation 4: Analog beam switching delay assumption for current FR2 operating bands is very pessimistic

Observation 5: 960 kHz SCS is feasible from analog beam switching delay perspective

Observation 6: When initial SSB-based timing acquisition is concerned, it is currently discussed in RAN1 the use of wider SCS SSBs for improved timing accuracy. 

Observation 7: Timing adjustment commands are scaled by the numerology µ in multiples of  with an accuracy defined by Table 7.3.2.2-1 in TS 38.133.

Observation 8: In addition to MAC CE TA commands, the UEs adjust its time advance whenever there is a transmission timing error between the UE and the reference timing above ±Te from Table 7.1.2-1 in 38.133. The step size and rate of autonomous adjustments are defined based on the subcarrier spacing. 

Observation 9: The timing error limit Te is defined as a function of the SCS of the SSB and of the uplink signals. 
Observation 10: 960 kHz SCS is feasible from timing perspective and beneficial to be specified.

Proposal 1: Maintain timing requirements related to the TDD guard periods. 
Proposal 2: Improvement of TAE requirements shall be considered
Proposal 3: Wait for RAN1 decision on sub-carrier spacings for SSBs before advancing on the initial timing requirements. 
Proposal 4: RAN4 to apply scaling of UE timing accuracy in Table 7.3.2.2-1 in TS 38.133 for wider SCS in >52.6 GHz, similarly to what is currently specified for existing SCS values. 
Proposal 5: RAN4 to study the adaptation of the autonomous time adjustment parameters, Tq and Tp, for larger subcarrier spacings at >52.6 GHz carrier frequencies. 
Finally, it is proposed to capture the text proposal provided in Annex 1 to the TR 38.808.
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Annex 1: TP to TR 38.808
[bookmark: _Toc41298316]<Start of Changes>
4.2	RAN4 aspects
Editor’s Note: This section will be further categorized into sub-sections depending on discussions
[bookmark: _GoBack]4.2.1	Timing aspects
[bookmark: _Hlk54342350]Timing aspects were evaluated considering cell phase synchronization, base station timing alignment error, analog beam switching delay and UE timing advance operation. It was observed that while highest SCSs may limit the available left e.g. for delay spread, the issue can be mitigated by adopting correct network configuration based on deployment scenario and use case. TDD pattern can be adjusted according to the propagation environment, and higher SCS provides more opportunities to achieve optimal configuration with minimal overhead when compared to lower SCS.
OTA TAE requirements in clause for FR2 base stations specify 65 ns for MIMO transmission. This requirement has been in place since UMTS and is derived to align with quarter of the time of a single UMTS chip. Technology has evolved, and therefore updates to TAE requirements need to be considered.
Worst case beam switching delay < 100 ns was assumed by RAN4 in Rel15. The state of the art of phase shifters can change state in few ns today, i.e. in lot less than 100ns. Therefore, it can be assumed that beam switching time is << 70 ns meaning that normal cyclic prefix length of 960 kHz subcarrier spacing is long enough to handle beam switching and no explicit beam switching gap is needed for example between successive SSB blocks.
The PHY-layer specifications for UE timing advance are defined to be scalable with SCS, i.e. the update granularity becomes more accurate when SCS increase. It was agreed that similar scalability will be expanded also to RAN4 timing advance requirements for new wider subcarrier spacing. In addition, updates to UE autonomous timing adjustment parameters shall be considered to enable UE to align its transmit time accurately also when SCS gets wider.
[bookmark: _Hlk54342515]Overall, it was concluded that from timing perspective subcarrier spacings up to at least 960 kHz are feasible taking into account the considerations in this section.
[bookmark: _Toc41298317]5	Study of channel access mechanism for 60 GHz
<End of Changes>
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