
3GPP TSG-RAN WG4 Meeting #84bis
R4-1711131
Dubrovnik, Croatia, 9 - 13 October 2017
Source:
ZTE
Title:
Discussion on multiple frequency layer measurement in NR
Agenda item:
9.7.4.3
Document for:
Discussion
1. Introduction
In the last RAN4 meeting, there were discussions on multiple layer frequency measurement in NR [2-11]. According to the agreed way forward [1] decision on multiple frequency layer measurement gap pattern should be made.

· RAN4 should decide the approach in RAN4#84bis

· Option 1 : NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers
· Option 2 : NW will configure multiple measurement gap patterns to cover SMTC of different frequency layers. 
· Option 2a : Gap pattern per frequency layer
· Option 2b: Gap pattern per SMTC group
· Option 2c: Gap pattern per frequency range (eg. sub 6Ghz, mm-wave) 
· Option 3 : NW will configure a single non-uniform periodic measurement gap pattern to cover the SMTC of different frequency layers
· Option 4 : Other option is not precluded
· RAN2 needs to be informed of RAN4 findings on measurement gap for multiple frequency layers to complete their work

· RAN4 will define suitable requirements for multiple layer monitoring using gaps (intra and inter) based on the outcome
In this contribution, we further provide our views on single SMTC and multiple SMTCs across different frequency layers for inter frequency measurement and multiple frequency layer measurement gap pattern design for NR.
2. Discussion
2.1 Multiple SMTC or Single SMTC
In RAN1 LS [12], RAN1 is asking the feasibility of single SMTC and multiple SMTC across different frequency layers for inter frequency measurement. The SMTC configurations across different frequency layers also related to measurement gap pattern design for inter frequency measurement.
From UE measurement point of view, both single SMTC and multiple SMTC would be feasible. UE measures inter frequency layers based on measurement gap pattern. For single SMTC only single measurement gap pattern across different frequency layers can be used. For multiple SMTC, single measurement pattern across different frequency layers is also feasible by considering the union of multiple SMTC. Furthermore it is also possible to configure multiple measurement gap patterns to provide more flexibility. 
From NW scheduling perspective multiple SMTC would give NW more flexibility to configure measurement gap pattern. Thus the mobility performance could be improved. However the single SMTC makes the choice of measurement gap pattern very limited which could compromise mobility performance. In some special cases it may not be able to configure single SMTC.
In Figure 1 there are five frequency layers where SMTC periodicities are 10ms, 20ms, 40ms, 80ms and 160ms for different frequency layers respectively. 

If multiple SMTCs are used there would be multiple choice of measurement gap pattern design as the SMTC of each frequency layer can be signalled to UE. Besides the possibility of multiple measurement gap patterns, there are some choices even for single measurement gap pattern. For example measurement gap pattern periodicity can be configured to 40ms, 80ms and 160ms respectively, as MG1, MG2 and MG3 in the figure, depending on the network deployment and mobility. If 40ms MGRP (MG1) is used the mobility performance can be improved significantly compared to 160ms MGRP (MG3). Furthermore if 20ms MGRP is introduced it is can also be configured in this scenario.
However if single SMTC is used, the SMTC periodicity can only be 160ms. If 40ms SMTC periodicity is used, then the measurement of f4 and f5 could be inaccurate or it is even not be possible to measure the two frequency layers if UE measure the two frequency layers on the SSBs that not exist in 40ms periodicity. With 160ms SMTC periodicity the measurement gap design is quite limited as 160ms MGRP (MG3) can only be used. Consequently the mobility performance is compromised.
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Figure 1 SMTC configuration across different frequency layers
In Figure 2 there are two frequency layers where SMTC periodicities are both 80ms. But there is a 40ms offset of SMTC window between frequency layer f1 and f2. 
In this scenario it is not possible to use one SMTC to cover the two frequency layers. If 40ms SMTC periodicity is used the UE measurement would be inaccurate or even not possible to detect the two frequency layers depending on UE implementation. 
However if multiple SMTCs are used then measurement gap of 40ms MGRP can be used. As UE knows the SMTC window for each frequency layer, UE can measure the two frequency layers 
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Figure 2 SMTC configurations across different frequency layers
It is worth noting that multiple SMTCs don’t mean multiple measurement gap patterns should be used. Single measurement gap can also be used.
Observation 1: If inter-frequency measurement is based on single SMTC across different frequency carriers, it is feasible from UE RRM measurement perspective. However it has limitation on the SMTC configuration at NW side and could compromise mobility performance. For example only longest SMTC periodicity across different frequency layers can be configured. For some scenarios it could not be possible to configure single SMTC. 

Observation 1: If inter-frequency measurement is based on multiple SMTC across different frequency carriers, it is feasible from UE RRM measurement perspective. Furthermore it also provides flexibility at NW side to configure the SMTC and then measurement gap to achieve better mobility performance.

Proposal 1: Multiple SMTCs across different frequency layers are used for inter frequency measurement.
2.2 Multi frequency layers measurement gap
Three options were provided to design multiple frequency layers measurement gap. Option 1 is single measurement gap pattern for multiple frequency layer measurement. Option 2 is multiple measurement gap patterns and Option 3 is also multiple measurement gap patterns but with different gap pattern design than Option 2. 
As discussed in section 2.1, it is feasible to configure a single measurement pattern to cover the multiple SMTCs across different frequency layers as long as the SMTCs are sort of coordinated. 
For the multiple measurement gap patterns, NW and UE should have the same understanding that how the measurement gaps would be used by UE for different frequency layer measurement. NW can only schedule the UE when network knows which measurement gap is used for current inter frequency measurement. There would be rules or signaling so that both UE and NW know how the multiple measurement gap patterns are to be used. 
However it may not be efficient or feasible to control the use of multiple measurement gap patterns. Depending on the complexity of SMTCs across different frequency layers the rules could become very complex. It is also noted that reporting configuration would be different for different frequency layers. Some frequency layers may only be configured to report once, but some other frequency layers may be configured to report multiple times or even periodically. If taking reporting configuration into consideration it seems that only NW can control the use of multiple measurement gap patterns. But NW doesn’t know the channel condition of different frequency layers, so the NW control could be very inefficient. Therefore multiple gap patterns per frequency layer are not feasible. Actually it is the same situation for multiple gap patterns per SMTC group or per frequency range. It may be even more complex as the use of measurement gap patterns within the group should also be considered.
In addition if gaps are also needed for intra frequency measurement, it can be considered as one extra frequency layer if single measurement gap pattern is used. How to share the gaps between intra frequency measurement and inter frequency measurement depends on how the requirements for intra frequency measurement with gaps are defined.

In summary option 1 is a simple and efficient way to configure measurement gap for multiple SMTCs across different frequency layers. UE measurement complexity is low and UE can use the measurement gap more efficiently.
Proposal 2: Option 1 that NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers are used for inter frequency measurement in NR.
3. Conclusion
In this contribution, we further provided our views on single SMTC and multiple SMTCs across different frequency layers for inter frequency measurement and multiple frequency layer measurement gap pattern design for NR. Based on observations following proposals are present.
Proposal 1: Multiple SMTCs across different frequency layers are used for inter frequency measurement.
Proposal 2: Option 1 that NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers are used for inter frequency measurement in NR.
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