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1 Introduction
RAN4 had discussion on SS burst periodicity in RAN4#83, but did not reach any conclusion, with the agreement in the way forward [1]:
	· Further evaluation of the feasibility of the SS burst periodicities which RAN1 requested to be investigated in R4-1704311 LS on set of configuration values for SS burst set periodicity is needed


For reference, the LS is provided below

	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. 


2 Discussion

Technically, the main discussion in the previous meeting related to 160ms burst set periodicity, since RAN1 asked “Specifically if 160 ms SS burst set periodicity can be used as synchronization source for UEs in RRC_CONNECTED and IDLE mode.”
Some of the main comments made against inclusion of the 160ms periodicity include
1. Measurement gaps may become too long if the UE should be able to search for cells with sparse periodicity

2. UE cell search complexity may become too high if the UE should be able to search for cells with sparse periodicity

3. UE performance may not be sufficient if the long periodicity is used

It could be noted that these concerns relate to measurement complexity and performance.
One discussion was about the network assistance which can be assumed to be available. In RAN1#89, RAN1 reached the following further agreements
	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements



Since the transmissions of SS blocks is confined to a 5ms window, it follows that the UE should be made aware of this window and measurement gaps can be timed so that the SS burst set falls within the window. If the UE were not aware of the SS burst set timing but was aware of the SS burst set periodicity, the search complexity (amount of time over which the UE must correlate for PSS/SSS) would become unreasonably high, even for shorter periodicity like 40ms or 80ms. Measurement gaps >40ms or >80ms would also have detrimental impact both to serving cell throughput and the ability to maintain the serving radio link (e.g. the best beam may easily be different after 80ms).
For neighbours on serving frequency layers, the UE will have a sync source from the SS burst of the serving cell, such that it measures the timing of SS blocks of the serving cell, and their position within this 5ms window. Hence the UE will be aware of the start and end of the 5ms window during which it should search for neighbour SS blocks.

For non-serving frequency layers and gap based measurement, it is network responsibility the to provide a suitable gap pattern which allows the UE to measure the SS burst. If the gap has 6ms MGL, then the useful part of the gap (excluding switching time) should be timed include this 5ms window.

Observation 1: It has been agreed that the transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
Observation 2: Long SS burst set periodicity would lead to high cell search complexity unless the UE is aware of the timing of the 5ms window
Observation 3: Long SS burst set periodicity would lead to long measurement gaps unless the gaps are timed to coincide with the 5ms window.

Observation 4: The UE is aware of the burst set timing from serving cell sync source (serving layers) or measurement gap timing (non serving layers)
Taken together, these observations imply that there should not be a concern related to searcher complexity or measurement gap duration when 160ms burst set periodicity is configured.

Regarding the cell detection and measurement performance with 160ms burst set periodicity, it is natural to expect that performance scales with periodicity, and clearly 160ms may not be an appropriate setting in the most demanding mobility scenarios. Some companies expressed a view that RAN4 should perform link level cell search evaluations before responding on the feasibility of the 160ms periodicity. We do not agree with this approach because
· Cell search simulations will not be complete until (at best) RAN4#84 in August, meaning that RAN1 will not get a reply before their September adhoc (at earliest)
· Regardless of the outcome of the simulations, it could be argued that the performance will be sufficient for some mobility scenarios
· 160ms DRS periodicity is already a configuration which can be used for LTE mobility

· RAN1 did not specifically ask about cell search performance in their LS to RAN4, and is presumably aware that increasing SS burst set periodicity will lead to longer cell detection times. RAN1 could study the impact of longer periodicity to cell identification as part of their work on SS burst set design if they wished.

For this reason, our view is that RAN4 should focus on the specific issue related to use of 160ms as a sync source, raised in  [2].
LTE DRX/eDRX supports both idle and connected mode DRX cycles which are much longer than 160ms; for example, 2.56s or even 10.24s with eDRX for power saving purposes. Since DRX can be used in LTE LAA with DRX cycles greater than 160ms, it seems feasible for a UE to remain synchronised. This is verified from some basic analysis for sub-6GHz bands:

Considering a UE with 0.1ppm AFC error and moving at 350km/h=97ms/s, the maximum drift in 160ms is

0.1ppm * 0.160s + (97* 0.160s)/c

=16ns+51.77ns = 67.77ns

At lower speed, the UEs own clock drift would become an even more dominant factor. Considering that LTE uses a cyclic prefix of 4.77 microseconds, and propagation conditions in macro deployments e.g. with 15kHz subcarrier spacing mean that NR CP length needs to be of a somewhat similar order (e.g. microseconds rather than hundreds of ns), it should be quite feasible to use 160ms SS periodicity as a synchronisation reference. It is also clear that if 160ms periodicity is feasible, shorter periodicities should have fewer concerns.

Proposal 1: At least for sub 6GHz operation, RAN4 indicates that 160ms SS periodicity is feasible, and there are no issues foreseen with other proposed SS burst periodicities

It is also rather likely that 160ms SS periodicity is useful for above 6GHz; while the subcarrier spacing will be larger and hence symbol/CP will be shorter, nevertheless the UE speeds are also likely to be lower.
3 Conclusions

Observation 1: It has been agreed that the transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
Observation 2: Long SS burst set periodicity would lead to high cell search complexity unless the UE is aware of the timing of the 5ms window

Observation 3: Long SS burst set periodicity would lead to long measurement gaps unless the gaps are timed to coincide with the 5ms window. 
Observation 4 : The UE is aware of the burst set timing from serving cell sync source (serving layers) or measurement gap timing (non serving layers)
Proposal 1: At least for sub 6GHz operation, RAN4 indicates that 160ms SS periodicity is feasible, and there are no issues foreseen with other proposed SS burst periodicities
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