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1. Introduction

In RAN1#88bis meeting, an LS [1] was sent to RAN4 and asked RAN4 to confirm whether potential issue exists for supporting the configured SS burst set periodicity which was agreed in RAN1.
	1. Overall Description:


RAN1 has agreed on a set of configuration values for synchronization signal (SS) burst set periodicity applicable for UEs in RRC_CONNECTED and IDLE mode that are operating in standalone NR cells, and for UEs that are operating in non-standalone NR cells. The SS burst set periodicity is the period in which the same SS block is repeated. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. 

RAN1 would like to ask RAN4 to check  and  confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. Specifically if 160 ms SS burst set periodicity can be used as synchronization source for UEs in RRC_CONNECTED and IDLE mode.
2. Actions:

To RAN4
RAN1 would like to ask RAN4 to check  and  confirm if there would be potential issues on the support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for UEs in RRC_CONNECTED and IDLE mode. 


In this contribution, we provide further considerations on the candidate SS burst set periodicities from RRM perspectives.
2. Discussion
In the last meeting, some analysis focus on the AGC adjustment and time-frequency tracking in NR [2],[3]. Herein we give our views on these two aspects.
· Time-frequency tracking
The LS asked “if 160 ms SS burst set periodicity can be used as synchronization source for UEs”. The meaning of synchronization source is not clear. If synchronization source is regarded as coarse synchronization, no big issue is foreseen. Recalling SCE and LAA, the synchronization signal exits in DMTC duration, and the DMTC periodicity is configured {40, 80, 160}ms. Hence from coarse time-frequency synchronization point of view, 160ms SS burst set periodicity is feasible.

Observation 1: From coarse time-frequency synchronization point of view, 160ms SS burst set periodicity is feasible.

If the synchronization source is regarded as fine synchronization source, careful analysis is needed. [2] gave an example that in LTE if 160ms DRX cycle is configured, then UE needs to wake up 1-2 subframes earlier than the one duration period. However in practical implementation the total REs in whole bandwidth shall be used for time-frequency tracking and more subframes for time frequency tracking are needed. Taking 20MHz bandwidth, 2 Tx as an example, the available CRS REs for time-frequency tracking is 3200 within 2 subframes. So 96~144 CRS REs in LTE proposed in [2] is far insufficient to perform time-frequency tracking. 
As we know that RAN1 is discussing the fine time-frequency tracking RS. The agreements are duplicated as below [RAN1 chairman notes],

	Agreements:
· Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst

· Whether the term “TRS” appear in specifications is FFS

· RS(s) can be the existing ones, revision of the existing ones, or new ones


The TRS signal is not decided in RAN1 so far. Some companies think that the timing-frequency tracking can be based on SS block. Table 1 gives the maximum available PSS/SSS REs numbers in one SS burst set. In reality, due to the transmission beamforming it is hard for UE to utilize all the available REs listed in Table 1. 
Table 1. Available REs for time-frequency tracking in SS burst set (PSS+SSS)
	L
	Available REs for time-frequency tracking in SS burst set (PSS+SSS)

	4
	1016

	8
	2032

	16
	4064

	24
	6096


According the table 1 and comparing with the required CRS RE numbers with LTE, we could draw the conclusion that it is not feasible to use SS blocks as fine time frequency synchronization at least for high MCS and code rate.
Observation 2: It is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity. 
In the following, the analysis are provided from timing drift point of view. Assuming the ±0.1ppm frequency tracking accuracy for NR is used and considering velocity is 500km/h, the timing drift within 160ms is (160ms*0.1ppm+ (500km/h*160ms)/c)=90.08ns.
In NR, the normal CP is decided as below [TR 36.802].

	A subframe duration is fixed to 1ms. Scalable numerology should allow at least from 15kHz to 480kHz subcarrier spacing. The numerology with 15 kHz and scaled numerology with different subcarrier spacing with the same CP overhead align at a symbol boundary every 1ms in a NR carrier. More specifically, for the normal CP family, the following is adopted. 
· For subcarrier spacing of 15 kHz * 2n (n is non-negative integer), 

· Each symbol length (including CP) of 15 kHz equals the sum of the corresponding 2n symbols of the subcarrier spacing.
· Other than the first OFDM symbol in every 0.5ms, all OFDM symbols within 0.5ms have the same size

· The first OFDM symbol in 0.5m is longer by 16Ts (assuming 15 kHz and FFT size of 2048) compared to other OFDM symbols.
· 16 Ts is used for CP for the first symbol.
· For subcarrier spacing of 15 kHz * 2n (n is a negative integer)

· Each symbol length (including CP) of the subcarrier spacing equals the sum of the corresponding 2n symbols of 15 kHz.


If the subcarrier spacing is 120kHz, then the normal CP (not the first symbol within 0.5ms) is 18Ts (586ns). The timing drift during 160ms SS burst set periodicity is much smaller than half CP length. So from the timing drift point of view, the 160ms SS burst set periodicity is feasible.
Observation 3: From timing drift point of view, it is feasible to configure 160ms SS burst set periodicity.  
· AGC estimation
AGC adjustment is based on all the received signals which is alike RSSI. Even considering the case proposed in [R4-1704799] that when measuring an idle gNB which is not configured with CSI-RS and has no active user traffic (control or data), the AGC only needs to be estimated based on SS blocks, we don’t foresee a big issue when the SS burst set periodicity is 160ms.
Observation 4: From AGC estimation point of view, no potential issue is foreseen if the SS burst periodicity is 160ms.
From our point of view, besides the time-frequency tracking and AGC estimation, the cell detection delay performance shall be considered as well
· Cell detection delay

UE shall perform cell detection to obtain cell ID and frame/slot/symbol timing synchronization. In the last RAN1 meeting (RAN1#89 meeting) the basic PSS, SSS design is settled down. Based on the current agreements, the preliminary simulation are carried out to evaluate the cell detection performance in NR[4]. In the simulation, some simplification and assumption are assumed:
-No PBCH demodulation is considered

-One SS block in one SS burst set;

-Only TDL channel propagation is model

The preliminary simulation results show that about 5 opportunities are needed to acquire the cell ID and symbol level synchronization. With 160ms SS burst set periodicity, the PSS/SSS detection delay is 800ms. Considering 500km/h velocity UE moves 111m during the cell detection procedure. For the large cell radius, e.g., suburban, the distance UE moved could be acceptable. For small cell scenario, it is not feasible to configure such large SS burst set periodicity. 

It shall be noted that the simulation in [4] doesn’t consider the CDL channel which models the effect of beamforming. So taking beamforming into account further simulation work need to be evaluated.
However we admit that if the 160ms SS burst set periodicity is not appropriate to be configured in high or medium velocity, the network could configure a smaller SS burst set periodicity. However RAN4 could give some guidance to RAN1 and RAN2 from RAN4’s simulation work.
Observation 5: From cell detection delay point of view, 160ms SS burst set periodicity can be configured in certain scenarios.
Based on the above analysis of time-frequency tracking, AGC, cell identification delay, the following conclusions could be drawn:
Proposa1: It is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for coarse synchronization for UEs in RRC_CONNECTED and IDLE mode.  However it is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity.
3. Conclusions

This contribution provides the discussion on the evaluation work of different SS burst set periodicity values provided by RAN1. The following observations are given: 
Observation 1: From coarse time-frequency synchronization point of view, 160ms SS burst set periodicity is feasible.

Observation 2: It is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity. 

Observation 3: From timing drift point of view, it is feasible to configure 160ms SS burst set periodicity.  

Observation 4: From AGC estimation point of view, no potential issue is foreseen if the SS burst periodicity is 160ms.
Observation 5: From cell detection delay point of view, 160ms SS burst set periodicity can be configured in certain scenarios.

Based on the above analysis the following conclusions could be drawn:

Proposa1: It is feasible to support of SS burst set periodicity values {5, 10, 20, 40, 80, and 160} ms for coarse synchronization for UEs in RRC_CONNECTED and IDLE mode.  However it is not feasible to use PSS/SSS as fine synchronization source at least for high MCS and code rate regardless how long the SS burst set periodicity.
The LS reply is provided in [R4-1706727].
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