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Background
At RAN4#98-e, a way forward for timing issues on the FS_NR_52_to_71GHz was created based on the discussion in the email thread [98e][145] FS_NR_52_to_71GHz_Part_1. This TP addresses the text proposal to TR 38.808 incorporating elements of the contributed text proposals considering the moderator recommendation after the first round discussions:
Work on WF producing a single timing TP during round 2 
This document includes texts originated in the proposals of the documents:
· R4-2101280, On improved transient period for NR 52.6 – 71 GHz
· R4-2101863, TP for NR Rel-17 TR 38.808: Time and synchronization impact
· R4-2101955, TP to TR 38.808  Further considerations on timing for 52.6-71GHz
· R4-2102009, TP to TR 38.808: Timing considerations for operation between 52.6 and 71 GHz
These capture the discussion on the following proposals:
· Proposal 1: Final evaluation of transient times has to consider not only the general ON/OFF mask at start and end slot, for TDD DL/UL boundaries, used in GP timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask. The cases of SRS time mask and PUSCH-PUCCH and SRS time mask have to be investigated in UE RF session.
· Proposal 2: Capture the following observation in TR 38.808: A higher UL SCS puts tighter requirements on UE UL timing.
· Proposal 3: Improvement of TAE requirements shall be considered
· Proposal 4: RAN4 to apply scaling of UE timing accuracy in Table 7.1.2-1 and TA command 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.
In the WF section a single text proposal has been generated considering feedback received during first and second round discussions. It has been taken into account that requirement work is to be done in WI. As the input contributions included proposals, the text proposal is formulated to also take into account those proposals.

Start of text proposal for TR 38.808 V1.0.0

<Start of Change 1>
[73]	3GPP TR 38.803: "Study on new radio access technology; Radio Frequency (RF) and co-existence aspects".
[74]	Hua Wang, Fei Wang, Sensen Li, Tzu-Yuan Huang, Amr S. Ahmed, Naga Sasikanth Mannem, Jeongseok Lee, Edgar Garay, David Munzer, Christopher Snyder, Sanghoon Lee, Huy Thong Nguyen, and Michael Edward Duffy Smith, "Power Amplifiers Performance Survey 2000-Present," [Online]. Available: https://gems.ece.gatech.edu/PA_survey.html
[75]	ETSI TR 101 854: "Fixed Radio Systems; Point-to-point equipment; Derivation of receiver interference parameters useful for planning fixed service point-to-point systems operating different equipment classes and/or capacities"
[76]	3GPP TS 38.133: “NR; Radio Resource Control (RRC) protocol specification”
[77]	3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”
[78]	R1-2008805, “Discussion on required changes to NR in 52.6 – 71 GHz”, Intel Corporation
[79]	3GPP TR 38.817-02: “General aspects for Base Station (BS) Radio Frequency (RF) for NR”
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[bookmark: _Toc56754112][bookmark: _Toc57038273][bookmark: _Toc57035417][bookmark: _Toc57038148][bookmark: _Toc57036033][bookmark: _Toc57038817]4.2.1	General description of study in RAN4
RAN4 and RAN1 had one common objective for the study on supporting NR from 52.6 GHz to 71 GHz, which is reproduced here from study item description.
-	Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
-	Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
Aligned with this objective, RAN4 has studied practical RF impairments and captured relevant technology status in this TR. On top of aspects impacting FR2 physical layer design, aspects impacting RAN4 requirements have also been considered and documented.

[bookmark: _Toc57038274][bookmark: _Toc57036034][bookmark: _Toc57038149][bookmark: _Toc56754113][bookmark: _Toc57035418][bookmark: _Toc57038818]4.2.2	Timing considerations
4.2.2.1	General aspects
During the study item timing aspects were evaluated with to the goal of providing observations and guidance on which technical topics need to be considered in the work item phase when timing related requirements are agreed. The evaluated topics were cell phase synchronization, base station timing alignment error, analog beam switching delay, UE timing advance operation and transient periods. 
4.2.2.2	Transient period

Currently transient times for UE is 5 us in FR2. For base stations it is 3 us in FR2. It was concluded during the SI, that possible improvements for transient times period should be evaluated and the final agreement for transient time period requirements shall be made during the work item. 
For transient period, the existing FR2 transient periods, i.e., 5 uS for UE and 3 uS for BS, might not applicable with higher subcarrier spacings, i.e., 480 and 960 kHz. As an example, 5 uS transient period is corresponding to 240 % of an OFDM symbol duration with 480 kHz SCS. Considering a pair of ON-to-OFF and OFF-to-ON, this 5 uS transient period means that the first 4 OFDM symbols and 80 % of the fifth OFDM symbol are affected and cannot be used for data transmission. This causes significant system throughput degradation with higher SCS. In order to improve system performance, shorter transient period needs to be investigated in 52.6 – 71 GHz. Specification of transient periods during WI has to consider not only the general ON/OFF mask at start and end slot, during TDD DL/UL boundaries, used in guard period (GP) timing, but also other use cases related to UE UL, like SRS time mask and PUSCH-PUCCH and SRS time mask.
Table 4.2.2.2-1 Performance implication of transient for different subcarrier spacings
	Subcarrier spacing (kHz)
	120
	480
	960

	Slot duration (uS)
	125.00
	31.25
	15.63

	OFDM symbol duration (uS)
	8.33
	2.08
	1.04

	CP duration (uS)
	0.60
	0.15
	0.07

	OFDM symbol + CP (uS)
	8.93
	2.23
	1.12

	Tp portion in OFDM symbol - 5 uS
	60.0%
	240.0%
	480.0%

	Tp portion in OFDM symbol - 3 uS
	36.0%
	144.0%
	288.0%

	Tp portion in OFDM symbol - 1 uS
	12.0%
	48.0%
	96.0%



4.2.2.3	Cell synchronization

Guard Guard-period is also related to cell phase synchronization and transient period as for overlapping cells, cell synchronization error needs to be taken into account as it contributes to the possibility of BS-to-BS and UE-to-UE interference if guard period for DL-UL pattern is not configured appropriately. Due to smaller cell sizes in this frequency cells compared to lower frequencies and therefore shorter propagation delays possibility of such interference is reduced. Due to smaller cell sizes in the frequency range (and therefore shorter propagation delays), the probability of such interference is reduced. Higher SCS provides more opportunities to achieve optimal configuration for with minimal overhead when compared to lower SCS due to the reduced symbol duration. 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 possibly be prioritized over improved latency.  As the network has control over the guard period, a motivation to re-visit cell-phase synchronization was not found during the SI.
4.2.2.4	BS Analog beam switching
In FR2 beam switching is assumed to take place during CP. When the SCS increases the CP duration decreases accordingly. There are two separate scenarios for the beam switching. Firstly, in initial access specific consideration is required 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, however the complete radio system will require more time than this, to change state. In Rel-15 it was captured in TR 38.817-02 [79] that GaAs switched phase shifters react in approximately 10ns. In other cases, based on the need, gNB can reserve a separate guard time (one or more full symbols) for beam switching. Often, 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 guard period (GP) overhead compared to a low SCS. 
TR 38.817-02 also has captured simulation results that to prevent degradation to system performance, switching time must be less than 80% of the CP length. For 960 kHz SCS this results in approximately 59 ns time window. Given that 10 ns is given for the phase shifter to react, there is still sufficient time available that all the delays of the phase shifter control interface can be accommodated and no explicit switching gap is needed between successive SSB blocks.
Based on the discussion, both 480 kHz and 960 kHz SCS are feasible from beam switching point of view. 

4.2.2.5	BS Time alignment error (TAE)
Another aspect of phase synchronization is MIMO operation and related TAE requirements.  The MIMO TAE requirement should be specified with the consideration of the implementation/deployment scenarios.  

Current BS OTA TAE requirements in clause 9.6.3 of TS 38.104 specify 65 ns for MIMO transmission [77]. It has been discussed in [78] 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 1/(4x3.84) Mcps rate. Improvement in performance has taken place in the past 20 years, and therefore it would be reasonable to consider improvements to TAE requirements.
[bookmark: _Toc56754117][bookmark: _Toc57036038][bookmark: _Toc57038822][bookmark: _Toc57038278][bookmark: _Toc57035422][bookmark: _Toc57038153]4.2.2.6	UE timing error
[bookmark: _GoBack]The existing PHY-layer specifications for UE timing advance are defined to be scalable with SCS, i.e. the updated granularity becomes more accurate when SCS increases. Similar behaviour exists in timing advance requirements. Overall, for 52.6-71 GHz, it is necessary to consider UE timing advance requirements, including UE initial access timing error limit, BS controlled timing advance , and UE autonomous timing adjustment requirements and the aggregated adjustment rate during work item, taking into account the SCS  selection. 
In order to analyze feasibility of new SCS and not to propose specific timing requirements, example simulations were performed. The analysis of the UL timing error sources can be performed by considering the combination of the timing uncertainty due to the timing advance resolution TA_step = , the transmit timing accuracy Te given by Table 7.1.2-1 of 38.133 [76], and the TA command accuracy TTA e defined in Table 7.3.2.2-1 of 38.133 [76]. The requirements for Te and TTA e are not yet specified, but they can be extrapolated considering the existing values in 38.133. One example of such extrapolations is represented in Table 4.2.2.6-1 and Table 4.2.2.6-2 and were used as simulation input, for the evaluation shown here. However the UE timing requirements proposed in the following table would be revisited in the WI phase.
Table 4.2.2.6-1 Extrapolated timing error limit values based on Table 7.1.2-1 of 38.133 [76] used as the simulation input
	SCS of uplink signals (kHz)
	Te

	480 Note 2
	0.9*64*Tc

	960 Note 2
	0.5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211



Table 4.2.2.6-2 Extrapolated UE Timing advance adjustment accuracy based on Table 7.3.2.2-1 of 38.133 [76] used as the simulation input
	UL Sub Carrier Spacing(kHz)
	480
	960

	UE Timing Advance adjustment accuracy
	±8 Tc
	±4 Tc



Considering the extrapolated accuracy limits of Table 4.2.2.6-1 and 4.2.2.6-2, it is possible to evaluate the composed UL timing error. Table 4.2.2.6-3 presents the results for this evaluation, considering 2 test scenarios. In the first test scenario the timing advance accuracy TTA e was considered. In that case, the combined UL timing error is determined in the simulations considering that a UE has a random initial timing which is corrected by the timing advance command. Once the TA command is applied by the UE, the UE transmits in UL with an error that is modelled as uniformly distributed in the range ±TTA e. The resulting error is analysed in Table 4.2.2.6-3 using the 5th and 95th percentiles, which indicates the range where the UL transmit errors would be contained. These results indicate that by using the extrapolated requirements of Table 4.2.2.6-2, the UL error due to TA accuracy requirement would be mostly contained within ±5.8% of the CP length for 480 kHz and 960 kHz, which is in within the same error ranges observed for the existing SCSs from 15 kHz to 120 kHz. 
Table 4.2.2.4-4.2.2.6-3 Summary of the results of TA command error limit and Timing error limit 
	SSB SCS
	UL SCS
	TA command error 
percentage of CP length
	Timing Error 
percentage of CP length

	
	
	5th percentile
	95th percentile
	5th percentile
	95th percentile

	15
	15
	-5.82
	5.86
	-9.59
	9.59

	15
	30
	-7.59
	7.58
	-13.9
	13.91

	15
	60
	-7.62
	7.59
	-25.46
	25.49

	30
	15
	-5.83
	5.89
	-7.56
	7.59

	30
	30
	-7.63
	7.61
	-11.68
	11.75

	30
	60
	-7.62
	7.57
	-18.41
	18.38

	120
	60
	-7.58
	7.59
	-10.58
	10.62

	120
	120
	-5.86
	5.86
	-18.4
	18.37

	240
	60
	-7.59
	7.64
	-9.62
	9.57

	240
	120
	-5.83
	5.85
	-16.07
	16.18

	- Note 1
	480
	-5.83
	5.87
	-18.89
	18.91

	- Note 1
	960
	-5.85
	5.84
	-20.7
	20.72

	Note 1: The error limits for 480 and 960 kHz SCS are considered to be the same independently of the SSB SCS. 



The second scenario is considering the UE initial transmission timing error, which applies for the first transmission in a DRX cycle, or for a PRACH or msgA transmission. Just like in the analysis done for the TA errors, the simulations consider a UE with random initial timing, which is corrected using a TA command. On top of this initial error given by TA command resolution, the UE is considered to transmit with an additional error given by a uniformly distributed random error in the range ±Te. Table 4.2.2.6-3 presents the error ranges for the resulting error for a several sub-carrier spacings. It can be noted from Table 4.2.2.6-3 that the resulting UL error is contained on the range ±20% of the CP length for 480 kHz and 960 kHz SCS. This error range is in line with what is obtained with other SCS values, like for 60 kHz, which has an error in the range ±25% for a 15 kHz SCS SSB. 

[bookmark: _Toc57038819][bookmark: _Toc56754114][bookmark: _Toc57038150][bookmark: _Toc57035419][bookmark: _Toc57036035][bookmark: _Toc57038275]4.2.3	Phase noise characteristics
It was considered which level of detail of the RF architecture is considered. The actual LO-architecture of an antenna array can vary ranging from a single LO driving the whole antenna array up to small sub-arrays each having their own LO. When multiple LOs are considered, the phase noise output of those can have a varying degree of correlation. The LO-structure is an implementation specific aspect and does not need to be considered in the standard. 

<End of Change 2>

<Start of Change 3>
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Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz was conducted. The study included study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments, and identification of potential critical problems to physical signal/channels, if any. Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz was also conducted.
As an outcome of the study, it is recommended to support 120 kHz subcarrier spacing with normal CP length, and at least one additional subcarrier spacings among 240 kHz, 480 kHz, and 960 kHz subcarrier spacing candidates. It is recommended to consider supporting at most up to three subcarrier spacings including 120 kHz. It is not recommended to consider support of only 240 kHz SCS for PDCCH/PDSCH/PUCCH/PUSCH in addition to 120 kHz. Subcarrier spacing outside 120 kHz to 960 kHz are not supported for any signals and channels. The applicability of the supported subcarrier spacing to particular signals and channels should be further discussed when specifications are developed. It is additionally recommended to limit the maximum FFT size required to 4096 and to limit the maximum of RBs per carrier to 275 RBs. The candidate supported maximum carrier bandwidth(s) for a cell should be between 400 MHz and 2160 MHz. Further investigation of the details of required changes to NR may be needed.
Another outcome of the study is related to the timing requirements. When considering RRM timing requirements for UEs, it is important that the TA advance requirements and initial timing requirements are revised to consider the shorter symbol timing of subcarrier spacings like 480 kHz and 960 kHz. Further investigation on the exact values for the RRM timing requirements may be needed. 
When considering BS TAE requirements, the existing RAN4 requirements are based on analysis that was made for UMTS and do not reflect current state of the art implementation. Therefore, further investigation on how to decrease the TAE error limits may be needed. 
As an outcome of the channel access study, it is recommended to support both channel access with LBT mechanism(s) and a channel access mechanism without LBT for gNB and UE to initiate a channel occupancy. Further investigation of the details of the channel access mechanism may be needed.

<End of Change 3>
