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1. Introduction
In last RAN1 meeting, one LS[1] was approved and sent to RAN4, and duplicated as 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. 


In last RAN4 #83 meeting, the SS burst periodicity candidates were discussed but no consensus was reached. In this contribution, to check the feasibility of SS burst set periodicity, we will further analyse the performance from cell identification/searching, measurement, time/frequency tracking and AGC estimation, and also we will take into account the comments in last RAN4 #83 meeting. The corresponding LS is proposed in [3].
2. Discussion 
2.1. RAN1 progress on the SS burst set periodicity 
Based on the chairman notes in last RAN1 meeting #89, the conclusion on SS burst set periodicity is summarized as below,

	Agreements: 
· For SS block composition, the following should be supported
· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block
· NR-PSS is mapped before NR-SSS.
· In case that number of PBCH symbols is two within a SS block,
· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH
· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH
· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH
· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS
· Down selection from above options should be done together with NR-PBCH design decision
Agreements:
· For the possible SS block time locations following mapping is followed:
· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols
· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols
· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols
· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols
· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols
· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing
· Mapping of SS block time locations for NR unlicensed band operation is FFS
· Above agreements does not preclude 7 OFDM symbol slot operation
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


As usual, the feasibility checking shall be conducted based on a worst case to make sure the mechanism can work for all the cases, and therefore from the RAN1 conclusion the worst case here might be one SS block per 160ms(SS burst periodicity is 160ms and RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements), which is shown in figure 1. The discussion on the performance in following sections are all based on this worst case.
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Figure 1. The worst case for SS burst set periodicity

2.2. Cell identification/searching and measurement

If only 12PRB PSS+SSS is available in 160ms for cell identification/searching and measurement, the situation may be different from the legacy LTE where PSS/SSS is available for each 5ms and CRS is available for each subframe. However, in order to find a similar scenario as NR for investigation, the LTE cell identification and measurement in DRX might be a good choice. In current TS36.133, there are requirements for cell identification/searching and measurement in DRX for both CONNECTED and IDLE mode, e.g.
Table 8.1.2.2.1.2-1: Requirement to identify a newly detectable FDD intrafrequency cell

	DRX cycle length (s)
	Tidentify_intra (s) (DRX cycles)

	≤0.04
	0.8 (Note1)

	0.04<DRX-cycle≤0.08
	Note2 (40)

	0.128
	3.2 (25)

	0.128<DRX-cycle≤2.56
	Note2(20)

	Note1:
Number of DRX cycle depends upon the DRX cycle in use.

Note2:
Time depends upon the DRX cycle in use.


The delay of cell identification/searching and measurement is scaled by the DRX cycle, and the DRX cycle can be up to 2.56s. The configuration information for DRX can be found in MAC-MainConfig in TS36.331, duplicated as below,

	DRX-Config ::=





CHOICE {


release







NULL,


setup







SEQUENCE {



onDurationTimer





ENUMERATED {













psf1, psf2, psf3, psf4, psf5, psf6,













psf8, psf10, psf20, psf30, psf40,













psf50, psf60, psf80, psf100,













psf200},
…


The on duration time for DRX can be as low as 1ms. If PSS/SSS is acquired only in the on duration period in a 160ms DRX cycle, the functionality cell identification/searching in both CONNECTED and IDLE modes will not be impacted.

In LTE the RSRP/RSRQ measurement is based on CRS, but in NR it’s based on SS per 160ms. So this measurement performance in NR can be referred to the LTE 160ms DRX case with 1ms duration. Even though UE may wake up earlier than the duration time (depends on UE implementation) for Rx timing tracking, it may only assume 1~2 additional subframes for measurement, on top of the on duration period. And in LTE the available REs of CRS (Tx port 0) is 48 REs on 6PRBs, so even 2 subframes can be used for measurement in each DRX cycle(1ms for early wake-up and 1ms on duration), the total available REs is 96 RE CRS. However, both PSS and SSS can be used for measurement and the total available REs are 288 REs, so it will be no issue for measurement on one SS block per 160ms.

Observation 1: there is no issue to conduct cell identification/searching and measurement based on 160ms SS burst set periodicity.
2.3. Time/frequency tracking

In legacy LTE the CRS is used to conduct the time and frequency tracking, and in NR since only SS might be used for time/frequency tracking and 160ms periodicity is used for SS burst set we need to compare the resource of NR and LTE used for the time/frequency tracking. In LTE, if the DRX is used, e.g. 160ms DRX cycle, UE may wake up earlier than DRX on duration period to make sure the Rx timing can be estimated and also the time/frequency tracking may also be performed in the early wake-up period. However, regarding the power saving the early wake-up cannot be taken much earlier than on duration period, and based on different UE implementation, we may assume 1~2 subframes earlier than the on duration period, then in total UE may have 2~3 subframes for time/frequency tracking if on duration period is 1ms. Within these 2~3 subframes, the CRS available REs maybe 96~144REs if all the subframes are legacy subframes, while if MBSFN subframes are considered the available CRS REs will be much less. So from the measurement resource aspect, the time/frequency tracking performance will not be changed from LTE case.
On the other hand, in the last meeting RAN4 replied a LS [2] to RAN1 for the time/frequency tracking accuracy, as below,
	Regarding feasibility of the ±0.1 PPM, RAN4 would like to inform RAN1 that the answer depends on both the accuracy of the basic UE frequency generation and the RS structure and availabilty of RS used for fine frequency tracking (as currently discussed by RAN1). In the absence of a more details on the latter, RAN4 can only provide an indication of the relative accuracy of the basic UE frequency generation at this stage. 

For E-UTRA, the UE frequency tracking accuracy ±0.1 PPM is manifested as a requirement on the UL modulated carrier in relation to the carrier frequency received from the eNB. Thus the ±0.1 PPM requirement verifies the frequency accuracy of both the receiver and the transmitter: tracking of the received signal from the eNB (the test generator in the test case) and generating a transmitted signal with the desired frequency accuracy.

For NR it is anticipated that the high-frequency oscillators can be locked to the low-frequency oscillators that are needed for legacy RAT support. Hence the relative frequency accuracy of the basic frequency generation for mmW frequencies may be comparable to the corresponding accuracy for LTE frequency generation that is behind the existing ±0.1 PPM E-UTRA tracking requirement. In order to provide a more detailed answer on the feasibility of a ±0.1 PPM tracking requirement for NR, RAN4 would need more information from RAN1 on candidate RS designs for NR.


Based on the current progress in RAN1, we would like to make an assumption that the time/frequency tracking accuracy in NR may be comparable to LTE. Moreover, for time drifting, if from UE implementation perspective, 0.1ppm could also be the local oscillator clock accuracy and therefore within 160ms the time drifting is up to 16ns, which is about half Ts of LTE and is a quite small drifting error to UE. So if the accuracy of NR is similar as LTE based on the analysis in the LS[2] and the measurement resource of NR is also similar as in LTE DRX, then there is no issue observed to conduct time/frequency tracking based on 160ms SS burst set periodicity. 

Observation 2: there is no issue to conduct time/frequency tracking based on 160ms SS burst set periodicity.
2.4. AGC estimation

AGC estimation is based on CRS in LTE and in NR if PSS/SSS is used for AGC estimation, then similar to the above discussion, it’s needed to compare the measurement resource between NR and LTE. Also take 160ms DRX LTE as an example, the available measurement resource for AGC estimation may be 96~144 CRS REs on 2~3 subframe for 160ms DRX and 1ms on duration period (1~2 subframe for early wake up); in NR the available PSS/SSS REs for measurement is 288REs and two symbols are used. 

If DMRS is also available in some subframes other than SS block, the DMRS can also be used for AGC based on UE implementation. If the PSS/SSS is beamformed, then the one SS block may not be enough for measurement and of course in this case network will configure more than one SS block to support multiple beams. So, on summary, there is no issue observed to conduct AGC estimation based on 160ms SS burst set periodicity.
Observation 3: there is no issue to conduct AGC estimation based on 160ms SS burst set periodicity.
2.5. Necessity for simulation evaluation

In the last RAN4 meeting, some companies proposed to use simulation to evaluation the SS set burst periodicity, e.g. SLS for mobility performance and LLS for measurement performance, however, we still think it is no need to run simulation for this basic configuration at this stage, and there are two reasons:

(1) Before evaluate the mobility performance, we need to know how many SS blocks are sufficient to meet the measurement accuracy requirement, and then we can evaluate mobility impact via SLS by using the measurement period as (NO. of SS blocks *SS set burst periodicity). But obviously it’s not practical to run the simulation for mobility evaluation at this stage, since we have no accuracy requirement yet and RAN2 also have no definition for mobility related evaluation criteria(e.g. how to judge the HO failure). The similar situation can be observed for measurement performance. So simulation is not a practical way to evaluate the SS set periodicity at this stage. On the other hand, as we analysed in the above sections, instead of simulation, we could also use LTE DRX as an example to check if the 160ms periodicity is OK or not.

(2) Regarding the time being, the SS set burst periodicity is also a key parameters in the NAI, and the progress of this LS reply will not only impact the RAN1 work but also impact the RAN2 mobility related signalling design. We would like not to delay this LS of this common parameter among RAN1/2/4.

Proposal 1: There is no need to run any simulation for SS set burst periodicity evaluation at this stage.
2.6. Proposed answer to RAN1

The worst cases are discussed in the above sections, but normally network may configure more than one SS block within long SS burst set periodicity, especially for frequency range above 3GHz. So we propose to support all the candidate periodicities in the RAN1 LS.
Proposal 2: Based on RAN4 investigation, there would be no issue 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.
3. Conclusions

In this contribution, to check the feasibility of SS burst set periodicity, we will analyse the performance from cell identification/searching, measurement, time/frequency tracking and AGC estimation. One LS[3] is drafted to reply to RAN1.
Proposal 1: There is no need to run any simulation for SS set burst periodicity evaluation at this stage.
Proposal 2: Based on RAN4 investigation, there would be no issue 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.
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