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Discussion and Decision
1
Introduction
This contribution gives some consideration on measurement gap, including the impact of the two introduced types of RS, the impact of the beam sweeping, and the impact of (e)LTE UE performing inter-RAT NR measurement.
2
Discussion
2.1 Impact of the two types of RS
At least two types of RS for RRM measurement in the CONNECTED stated are agreed both at RAN1 and RAN2, NR-SS and CSI-RS. 
Regarding NR-SS, RAN1 has achieved the following agreements: 
Agreement from RAN1#87:
· 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] 

Agreement from RAN1#88bis:
· The considered maximum number of SS-blocks, L, within SS burst set for different frequency ranges are

–
For frequency range up to 3 GHz, the maximum number of SS-blocks, L,  within SS burst set is [1, 2, 4]
–
For frequency range from 3GHz to 6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [4, 8]
–
For frequency range from 6 GHz to 52.6 GHz, the maximum number of SS-blocks, L,  within SS burst set is [64]
· The way the value of L is reflected in specification is FFS

–
Aforementioned values are to be used to facilitate the NR initial access design and evaluate the specification impact

–
Possibility of having unified frequency agnostic signaling design is not precluded
According to the agreements above, if explicitly notification, the network provides one SS burst set periodicity and the information to derive measurement timing/duration to UE per frequency carrier. The candidate SS burst set periodicity can be [5, 10, 20, 40, 80 and 160 ms]. And the maximum number of SS blocks within SS burst set is dependent on different frequency ranges. Given the above agreements and for the sake of network deployment flexibility, it can’t be assumed that the SS burst set configurations (e.g. SS burst set periodicity, and information to derive measurement timing/duration) on different frequencies are synchronized. In other words, the SS burst set configuration on individual frequency can be different, as illustrated in Figure 1.
[image: image1.png]SS block

[TLIH .
S8 configuration on Time
SS burst set period- NR-SS configuration on F1 .
[T .
SS burst set period: Time
P NR-SS configuration on F2

Time

configuration on F3

S burst set period:




Figure 1 different SS burst set configuration on individual frequency
Individual cells on a single frequency may have different antenna capacities and may not time synchronized with each other. Besides, the complexity and flexibility of network deployment should be carefully considered when developing a new system. So although the SS burst set configuration is provided to UE per frequency and the UE assumes the same configuration for all cells on the frequency with the reception of this per frequency configuration, it can’t be assumed that all cells on the frequency are configured with the same SS burst set configuration in practice. In other words, all cells on a single frequency are not mandated to use the same configuration in practice.
Observation1. If provision, the network provides the SS burst set configuration (e.g. SS burst set periodicity, and information to derive measurement timing/duration) per each frequency to the UE.
Observation2. The SS burst set configuration on individual frequencies can be different.
Observation3. All cells on a single frequency are not mandated to use the same configuration in practice  
NR-SS is introduced for the purpose of initial cell search, IDLE mobility and CONNECTED mobility etc. which should be kind of always transmitted. So the periodicity of SS burst sets is somewhat constrained by the deployment scenarios, i.e. asynchronous/synchronous network, standalone/non-standalone, etc. While CSI-RS for RRM measurement is introduced in addition to NR-SS for the purpose of L3 mobility. So there seems to be less such other constraints on periodicity. The periodicity of CSI-RS for L3 mobility can be chosen to better suit RRM measurement accuracy. RAN1 has not made any assumption of the detailed CSI-RS configuration up to now, such as the periodicity, the transmission timing/duration. However, given the above perspective, it can’t be assumed that the CSI-RS configuration (e.g. periodicity, transmission timing/duration) keeps align with/fully overlaps with the SS burst set configuration. For example, the CSI-RS can be transmitted outside the SS burst set.
Observation4. It can’t be assumed that the CSI-RS configuration (e.g. periodicity, transmission timing/duration) is keeps align with/fully overlaps with the SS burst set configuration.
Given the above observations, we propose:

Proposal1. The configuration of measurement gap should take the SS burst set configuration property and CSI-RS configuration property into consideration.
2.2 Impact of the beam sweeping
Both gNB and UE will use beamforming in high frequency. When perform measurement, one possible implementation is that the UE can obtain one measurement sample after completing the beam sweeping for all Tx-Rx (or gNB-UE) beam pairs. For example, assuming that a gNB has 32 Tx beams and a UE has 8 Rx beams, the UE can only obtain a measurement sample after completing the beam sweeping of all the 32x8 pairs. Different gNB may have different number of Tx beams. Different UE may have different number of Rx beams. So the time to measure a cell may be proportional to the number of beams at the gNB and UE. The UE measurement capability definition and the configuration of measurement gap should take the beam sweeping time into consideration.
Proposal2. The UE measurement capability definition and the configuration of measurement gap should take the beam sweeping time into consideration.

2.2 Impact of performing inter-RAT NR measurement
In LTE, a single common measurement gap is configured for the UE to identify and measure inter-frequency and/or inter-RAT cells. And either the gap patterns defined in the very beginning or the gap patterns introduced during the R14 WI “Measurement Gap Enhancement for LTE” [1] are designed for the LTE system. With the development of NR system, UE access the LTE system should perform inter-RAT measurement on NR carrier for either the purpose of inter-RAT mobility or tight interworking management (e.g. for the purpose of addition of a NR SN) [2]. As analyzed above, the NR PHY is newly designed with quite different property than the LTE PHY. Thus unlike in LTE, the configuration of measurement gap in NR should take the SS burst set configuration property, CSI-RS configuration property and beam sweeping time into consideration. 
Given the above, a UE access the LTE system may need to perform inter-RAT measurement both on the legacy system (e.g. E-UTRAN) and the new NR system. So the configuration of measurement gap should take the property of legacy gap pattern configuration and the NR gap pattern configuration into consideration. For example, may be independent measurement gap patterns should be configured for a single UE, one for measurement on the legacy system, the other for measurement on the NR system.
Observation5. (e)LTE UE may need to perform inter-RAT measurement both on the legacy RATs and the new RAT.

Proposal3. The configuration of measurement gap for a (e)LTE UE should take both the inter-RAT measurement on legacy RATs and the inter-RAT measurement on NR into consideration.
According to the above analysis, LS should be sent to RAN4 and CC to RAN1 to notify all the considerations above.

Proposal4. LS should be sent to RAN4 and CC to RAN1 to inform the above considerations and to ask:
· How would the two types of RS with different configuration property impact on the configuration of measurement gap? For example:
· New measurement gap pattern may be introduced?
· More than one measurement gap pattern may be configured for a single UE?

· How would the beam sweeping timing impact on the configuration of measurement gap? For example:
· New measurement gap pattern may be introduced?

· How to configure the measurement gap for (e)LTE UE which needs to perform inter-RAT measurement both on the legacy RATs and the new RAT? For example:
· Independent measurement gap patterns may be configured for a single UE, one for measurement on the legacy RATs, the other for measurement on the new RAT?
4
Conclusion
This contribution gives some consideration on measurement gap with the following observations and proposals:
Observations:

Observation1. If provision, the network provides the SS burst set configuration (e.g. SS burst set periodicity, and information to derive measurement timing/duration) per each frequency to the UE.
Observation2. The SS burst set configuration on individual frequencies can be different.

Observation3. All cells on a single frequency are not mandated to use the same configuration in practice 
Observation4. It can’t be assumed that the CSI-RS configuration (e.g. periodicity, transmission timing/duration) is keeps align with/fully overlaps with the SS burst set configuration.
Observation5. (e)LTE UE may need to perform inter-RAT measurement both on the legacy RATs and the new RAT.
Proposals:

Proposal1. The configuration of measurement gap should take the SS burst set configuration property and CSI-RS configuration property into consideration.
Proposal2. The UE measurement capability definition and the configuration of measurement gap should take the beam sweeping time into consideration.
Proposal3. The configuration of measurement gap for a (e)LTE UE should take both the inter-RAT measurement on legacy RATs and the inter-RAT measurement on NR into consideration.
Proposal4. LS should be sent to RAN4 and CC to RAN1 to inform the above considerations and to ask:

· How would the two types of RS with different configuration property impact on the configuration of measurement gap? For example:

· New measurement gap pattern may be introduced?

· More than one measurement gap pattern may be configured for a single UE?

· How would the beam sweeping timing impact on the configuration of measurement gap? For example:

· New measurement gap pattern may be introduced?

· How to configure the measurement gap for (e)LTE UE which needs to perform inter-RAT measurement both on the legacy RATs and the new RAT? For example:

· Independent measurement gap patterns may be configured for a single UE, one for measurement on the legacy RATs, the other for measurement on the new RAT?
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