


[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #88bis	R1-1705839
Spokane, WA, USA 3rd – 7th April 2017

Agenda item:		8.1.1.1.4
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Alcatel-Lucent Shanghai Bell 
Title:	SS Periodicity
Document for:		Discussion and Decision
1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB opertation as well as support the URLLC type of operation. 
In this contribution we continue discussion related to the SS burst set periodicities.
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2	SS burst set periodicity 
2.1	SS burst set periodicity assumption for initial cell selection 
In RAN1 meeting #88bis following agreement was made for the SS burst set periodicity assumption for the UE in case of intial cell selection.
	Agreements:
· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity
· For carrier frequency range category #A : TBD among 10, 20 ms
· E.g. range for #A (0 ~ 6 GHz)
· For carrier frequency range category #B : TBD among 10, 20 ms
· E.g. range for #B (6 GHz ~ 60 GHz )
· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.
· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges
· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity
· RAN1 will definitely down select the values from 10, 20 ms in the next meeting




When considering the initial access and specifically initial blind search i.e. initial cell selection, when no assistance information is available in the UE, UE needs to be able to make some assumptions of the periodicity of synchronization signal to facilitate the cell search. In order to detect the cell (or deem the cell nonexistent), UE needs to spend sufficient time of the evaluated carrier frequency to receive sufficient number of synchronization signal occurrences to have high probability of detection. Reducing the periodicity of the SS transmission will of course reduce the duration UE needs to monitor carrier candidate but will naturally result increased network power consumption. Also, to the limit the time UE needs to spend on a single carrier in intial cell selection process, it would be preferable if the one-shot detection probability of SS would be maximised. The total time UE needs to spend in initial cell selection depends also on the number of carrier hypotheses to be considered and also the extend of apriori information available.
Below in Figure 1 and 2 we present the results from analytical evalauation the impact of assumed default periodicity to the gNB energy consumption with Sleep Modes [2] over different network load situations. Two afore discussed periodicities, 10ms and 20ms are considered together with different assumptions on the minimum activity in each period. This is used to model transmission of SS-blocks and three examples are considered 1ms, 2ms and 5ms, given in parenthesis. Similar network energy consumption modelling as described in [2] has been used. In the analytical evaluation, we have based on the burst interarrival time (Poisson distributed) calculated the probilities of network being in different Sleep Modes (described in [2]) and mapped that to the energy comsumption assumed.  These are then compared to the case where all sleeping possibilities are disabled and relative gain of Sleep Modes is shown (Figure 1). Additinally the relative difference between the periodicties with different SS-block transmission lenghts is shown in the Figure 2. 
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Figure 1. Sleep Mode gains with different default periodicities (and minimum activity)
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Figure 2. Relative difference in attainable Energy saving gains with different different default periodicities (and minimum activity)

It can be seen that lowest load situations (low average PRB utilization) the 20ms periodicity (1ms activity) can offer 57% gain in energy saving and with 10ms periodicity the gain is in order of 42%, leading to relative energy saving difference of 36%. If larger number of beams are considered, e.g. 2ms or 5ms minimum activity, due to the shorter total time available for Sleep Mode operation with 10ms periodicity the attainable gains are significantly reduced. Hence to tenable also power saving in more general case where the mandatory activity is higher, it would seem preferable to set the default periodicity assumed for initial cell selection to 20ms. Naturally this could have implications to the device power consumption if frequent blind cell searches are occurring. As the coverage is typically better at lower frequency bands, it would see possible to set the default period to 20ms for carrier frequency bands below 2 GHz. Similarly for frequency bands between 2GHz and 3.3 GHz the coverage is not typically an issue, and therefore blind cell searches should not be too frequent in typical operation. For requency bands above 3.3GHz there could be some desire to facilitate the beam forming and thereby enable efficient energy operation together with alrger number beams i.e. longer SS-burst sets, thus it would be preferable to have longer default periodicity also for these bands.
As per agreement in last meeting, and discussed in Section 2.2, the network can use different periodicity than the default periodicity. Therefore in areas where more frequent initial cell searches are anticipated network could choose to use more frequent SS transmission, reducing the actual time for UE to find a cell, thereby reducing realized power consumption and reducing the impact to UE battery life. 
Proposal: For the frequency range categories the default periodicities are considered as follows:
· For carrier frequency bands below 2GHz: [20ms]
· For carrier frequency bands above 2GHz and below 3.3GHz: [20ms]
· For carrier frequency bands above 3.3GHz: [20ms]

2.2	Configurability options for SS-burst set periodicity for Stand-alone and Non-stand-alone cells 
In RAN1 meeting #88bis it was agreed that for Connected and IDLE mode UEs the SS-burst set periodicity, together with information to derive the measurement timing, can be informed to the UE. 
	Agreements:
· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  




Also agreement was (first) made for the non-standalone cells allowing the network to configure the SS-burs set periodicity as well.
	Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)
· For detecting non-standalone NR cell, network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends short measurement duration than configured periodicity e.g., 1, 5 or 10 ms
· Note that L1/L3 filtering across multiple periods is still allowed
· FFS more than one periodicity/timing/duration indication 
· NR should support set of SS burst set periodicity values for adaptation and network indication
· Candidate periodicity values to be evaluated are [20, 40, 80 and 160 ms]  
· FFS other values with consideration for functionalities provided by NR-SS in connected mode
· FFS whether to support NR-PBCH in non-standalone NR cell





When considering the suitability of the SS burst set periodicity candicate values (i.e. [5, 10, 20, 40, 80 and 160 ms]) for Connected and IDLE mode UEs different approach angles can be taken. Like discussed in previous section, one driver for these values and the general procedure would be to limit the frequency of always online signals to enable energy saving in network especially when data transmission activity is low. For this it would seem that that values in higher range are preferred. In [2] we evaluated different periodicity values from energy consumption savings perspective, and concluded that based on the assumed modelling the achieved gains are saturating between 40ms and 100ms periodicties. Naturally even though the attainable gains against reference without any Sleep Modes are saturated, the relative gains between periodicities still remain.
Observation: Longer SS-burst set periodicities can be used to reduce gNB energy consumption in low load conditions.
The configurable periodicity of SS-burst set can also be used to control the overhead introduced by SS-block transmissions. In order to enable efficient UE measurement procedures and to use higher periodicites, network would need to concentrate the SS-block transmissions within a given window, so that prolonging UE serving/neigbouring cell monitoring can be avoided. If large number of beams are needed, for example for coverage enhancement, the overhead during the measurement window is going to increase. Like shown in [5], depending on the assumed sub-carrier spacing, size of the SS-burst/block and number of used SS-blocks the overhead can increase. Hence having longer SS-burst set periodicities available allow network to limit the overhead due to transmission of several SS-blocks (that span over several symbols in time).
Observation: Longer SS-burst set periodicities allow to reduce the overhead caused by SS-block transmission.
From pure mobility perspective, it could be assumed that as long as signals can be provided sufficiently frequently, mobility performance should be quaranteed even in demanding conditions. However this is of course against the energy efficiency targets, so in practical networks some tradeoff has to be made. Now typically considered measurement sampling periodicity for example for RAN4 RRM measurements in LTE for the device is 40ms (Connected state intrafrequency). In [4] we considered different number of sampling periodicities and reference signal bandwidths for the NR-SSS based RSRP measurement accuracy. Obviously the assumed signal bandwidth had a strong influence to the accuracy, but also the assumed number of samples (within considered L1 measurement period). Now as both of these aspects are still open, pending on RAN1 decisions and also on related work in RAN4, it migth be beneficial to considere additional values to ensure sufficient flexibility from system operation perspective to balance the mobility performance and energy efficiency in different deployments. This could be in some extend be also applicable for the non-standalone cells. Thus, based on results given in [4], periodicities of 60ms and 100ms could be considered in addition. 
Observation: To allow optimization between mobility performance and energy efficiency periodicities of 60ms and 100ms could be considered.
The currently listed candidate values are of course nicely spread so that larger periodicities are divisible by the smaller ones, which can be benefical if network would use different periodicities on neighbouring cells on same frequency layer. It is not however clear if this is still supported by NR. At least based on last meeting agreement network can indicate only one SS burst set periodicity information per frequency layer. Now this does not strictly prevent nework using different periodicities on different cells (for example to facilitate initial cell selection on certain cells) by indicating the longest periodicity used (by a given layer), but it is not clear if UE could otherwise be able benefit from these transmissions. In any case the used periodicity is under network control and therefore having all periodicity values to be divisible by all lower values is not seen as strong requirement 
Observation: Having periodicity values to be divisible by lower periodicity values can have some merits if network wants to use different periodicities on different cells, but it is not seen as a generic requirement. 
Proposal:  To allow optimization between mobility performance and energy efficiency periodicities of 60ms and 100ms are also considered.

3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution we have discussed about the SS burst set periodicities. Based on the discussion we made the following observations and proposals.
Regarding the UE assumed default periodicity for intial cell selection we made a following proposal: 
Proposal: For the frequency range categories the default periodicities are considered as follows:
· For carrier frequency bands below 2GHz: [20ms]
· For carrier frequency bands above 2GHz and below 3.3GHz: [20ms]
· For carrier frequency bands above 3.3GHz: [20ms]
For the periodicities in Connected and IDLE state devices, following proposal is made;
[bookmark: _GoBack]Proposal:  To allow optimization between mobility performance and energy efficiency periodicities of 60ms and 100ms are also considered.
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