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1. Introduction

This paper provides considerations on measurement gaps in NR.
2. Discussion
2.1. Cell detection in NR 
 There are some progress on NR initial access in RAN1 [1].
	Agreements:
· Working assumption: Number of PSS sequences: 3

· PSS sequence details:

· Frequency domain-based pure BPSK M sequence (fixing the time/freq. offset ambiguity)

· 1 polynomial: octal 145

· In freq. domain 3 cyclic shifts (0, 43, 86) to get the 3 PSS signals

· Initial poly shift register value: 1110110

· FFS modified ZC: 2 ZC sequences concatenation or interleaving in time or freq., 4 ZC sequences concatenation in time

· Number of SSS signals: 1000 post-scrambling

· PSS sequence length: 127 for frequency domain-based pure BPSK M sequence
· Note that PSS will be mapped to consecutive 127 subcarriers

· SSS sequence length: 127

· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges
· SSS sequence details: Long M-sequence with scrambling

· SYNC frequency raster: RAN1 assumes that RAN4 will decide it 

· SS burst set periodicity default value for initial cell selection: 20/20 msec
· Note that RAN1 assumes that RAN4 will investigate requirements
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS
· PBCH TTI: 80 msec


For SS burst set periodicity, there is also a LS sent from RAN1 [2]
	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. 


As we know, the intention of cell identification procedure is to acquire the frame/slot/symbol synchronization information and cell identity of the target cell. Since the time index indication is carried on PBCH, so the cell detection procedure in NR shall include decode PSS, SSS and PBCH. PSS, SSS and PBCH can be transmitted within a SS block. One or multiple SS block(s) compose an SS burst and one or multiple SS burst(s) compose a SS burst set. The considered maximum number of SS-blocks, L, within a SS burst set. The SS structure is illustrated in Figure 1.
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Figure 1. SS structure in NR
· Cell detection in idle state

There are two kinds of cell detection procedures: one is initial cell selection and the other is cell reselection after UE has accessed to the network. The target of the initial cell selection is to find a suitable cell to camp on. It is agreed in RAN1 that the SS burst set periodicity default value for initial cell selection is 20 ms. In this case, UE has no information of the target cell, so the searching window for cell detection is 20ms.
Observation 1: Time window for cell detection for initial cell selection is 20ms.
As we know, there is no RRM requirement for cell selection in LTE. The cell selection procedure includes the frequency searching (e.g., frequency scanning) and SS detection. Besides the pure SS detection delay, the cell selection time depends on the number of frequencies UE support as well. In NR we still suggest no cell selection requirements is specified.
Proposal 1: No cell selection requirements in NR is specified.
After UE accessed the network, UE performs cell reselection procedure. It is agreed in RAN1 that the SS burst set periodicity could be configured to UE in idle mode. The set of configuration values for SS burst set periodicity under consideration for RAN1 are {5, 10, 20, 40, 80, and 160} ms. Since UE don’t know the exact position of the PSS/SSS/PBCH, so UE needs a searching window to cover a whole SS burst set periodicity for NR-SS detection.
It is also have the following agreements in RAN1 [RAN1#88].
	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 

· 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]  


As agreed above, if the time window for cell detection is indicated by network, UE just needs to follow the indication. The time window for cell detection shall be not more than the configured SS burst set periodicity. If 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.
Observation 2: Time window for cell detection for cell reselection is

- time window which is indicated by network in case that SS burst set periodicity and the information regarding timing/duration are indicated,
- SS burst set periodicity in case that SS burst set periodicity is configured,
- 5ms in case that both the SS burst set periodicity and the information regarding timing/duration are not indicated.
· Cell detection in connected state
As duplicated above, the RAN1 agreements and working assumption for SS detection are the same for UE in idle mode and connected mode. So the same observation is applicable for connected mode.
Observation 3: Time window for cell detection in connected mode is

- time window which is indicated by network in case that SS burst set periodicity and the information regarding timing/duration are indicated,
- SS burst set periodicity in case that SS burst set periodicity is configured,
- 5ms in case that both the SS burst set periodicity and the information regarding timing/duration are not indicated.
2.2. Measurement gaps
In LTE, the measurement gaps is configured for inter-frequency and inter-RAT measurement. The periodicity of LTE synchronization channels (PSS/SSS) is an LTE half frame (5 ms). In order to guarantee that a neighbour cell can be detected regardless of its relative timing to the serving cell and considering the RF retuning and settling time, 6ms measurement gap length is specified.
· Need of measurement gaps in NR
In NR it is not foreseen that a UE has the capability of performing inter-frequency/inter-RAT measurement without measurement gaps if there is no additional RF chain. In our understanding, the measurement gaps are still needed for inter-frequency and inter-RAT measurement in NR.
· Measurement gap length (MGL) and measurement gap repetition period (MGRP) in NR
The time window for NR SS detection for idle mode and connected mode in NR is discussed in section 2.1. Besides the searching window for cell detection, measurement gaps shall also consider the following aspects:
· (1)RF switching time including RF switching- to and switching back

· (2)Timing settling time

· (3)Propagation delay between two target frequencies if they are not collocated.
Then the following three cases shall be considered:

· Case 1: SS burst set periodicity and the information regarding timing/duration are indicated, then
Measurement gap= time widow (which is indicated by network) + (1) + (2) + (3)

· Case 2: only SS burst set periodicity is configured, then

Measurement gap= SS burst set periodicity + (1) + (2)

· Case 3: Both SS burst set periodicity and the information regarding timing/duration are not indicated, then
 Measurement gap= 5ms + (1) + (2)
In our understanding, since RAN1 has the agreement that 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. It implies that network shall send a whole SS burst set every 5ms. Based on this assumption, case 2 could not be considered.
MGRP shall be larger than MGL otherwise the MGRP is meaningless. So far in RAN1 the detailed PSS/SSS/PBCH design is under discussion, when they are ready, RAN4 RRM shall carry out the cell detection performance evaluation. At this stage, it is hard for RAN4 to decide how long UE could acquire the PCI and timing synchronization. Assuming that UE needs N times to detect NR-SS, then the cell identification delay is at least MGRP*N. As we know in NR the target velocity UE shall support is 500km/h. With such speed, UE moves 139m within 1s. So RAN4 needs to evaluate the mobility performance with the cell identification delay.

Moreover MGRP shall be aligned with the SFN period. As discussed in LTE, the gap pattern shall be stable across the SFN wrap-around [3].In NR the same issue shall be considered as well when designing the MGRP.
· Consideration on inter-RAT measurements
Taking LTE UE as an example, the UE shall identify and measure a NR cell. If the MGL and MGRP in NR is different with LTE gap patterns, the LTE UE either performs 2 types gap pattern (LTE gap pattern and NR gap pattern) or uses uniform gap patterns. For the first alternative, at least new signalling is needed. For the second alternative, the legacy gap pattern in LTE would be changed.
Based on the above discussion, RAN4 shall consider the measurement gap pattern from the following aspects:
1. MGL depends on the pure time widow for cell detection (as discussed in section 2.1), RF tuning/retuning time, timing settle time and/or propagation delay. Power consumption shall be considered as well.
2. MGRP shall be larger than MGL. Link level simulation shall be carried out to evaluate how many times UE could acquire the PCI and frame/slot/symbol timing (assuming that UE needs N times to detect NR-SS). Then at least the cell identification delay is MGRP* N. In order to decide MGRP, the mobility performance shall be evaluated with system level simulation.
3. MGRP shall be stable across the SFN wrap-around. 

4. Impact to other RAT gap pattern.
3. Conclusions

This contribution provides the consideration on measurement gaps. For cell detection the following observations and proposal are provided:
Observation 1: Time window for cell detection for initial cell selection is 20ms.

Proposal 1: No cell selection requirements in NR is specified.
Observation 2: Time window for cell detection for cell reselection is

- time window which is indicated by network in case that SS burst set periodicity and the information regarding timing/duration are indicated,
- SS burst set periodicity in case that SS burst set periodicity is configured,
- 5ms in case that both the SS burst set periodicity and the information regarding timing/duration are not indicated.
Observation 3: Time window for cell detection in connected mode is

- time window which is indicated by network in case that SS burst set periodicity and the information regarding timing/duration are indicated,
- SS burst set periodicity in case that SS burst set periodicity is configured,
- 5ms in case that both the SS burst set periodicity and the information regarding timing/duration are not indicated.
RAN4 shall consider the measurement gap pattern from the following aspects:

1. MGL depends on the pure time widow for cell detection (as discussed in section 2.1), RF tuning/retuning time, timing settle time and/or propagation delay. Power consumption shall be considered as well.

2. MGRP shall be larger than MGL. Link level simulation shall be carried out to evaluate how many times UE could acquire the PCI and frame/slot/symbol timing (assuming that UE needs N times to detect NR-SS). Then at least the cell identification delay is MGRP* N. In order to decide MGRP, the mobility performance shall be evaluated with system level simulation.

3. MGRP shall be stable across the SFN wrap-around. 

4. Impact to other RAT gap pattern.
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