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1 Introduction
In this paper, we discuss measurement requirements for NR NSA which will be completed by December 2017 based on current agreement in RAN1 and RAN4. 
2 Discussion 
2.1 Background
RAN agreed to complete Stage 3 for NR NSA by December 2017.  So, Ran4 has been focusing to specify the NR NSA measurement requirements by December 2017. The corresponding scenario is that eNB is Pcell and gNB is PScell. For the NR NSA measurement requirements, it is necessary to consider what is different from LTE. 
Figure 2.1 shows LTE measurements. For example, in RRC_IDLE, UE performs measurement for cell selection and cell-reselection. In RRC_Connected State, UE performs measurement for handover decision and Scell add-decision by the E-UTRAN.  Inter-RAT measurement is only performed for cell-reselection in RRC_IDLE and for handover in RRC_Connected State respectively. And, UE requires measurement gap(MG) to identify and measure inter-frequency and/or inter-RAT cells in RRC_Connected State.
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Figure2.1. Measurement in LTE

Figure 2.2 shows NR NSA measurements. For example, in RRC_IDLE, UE performs intra-frequency measurement and inter-frequency measurement for E-UTRA and does not perform inter-RAT(NR) measurement since cell-reselection from E-UTRA to NR does not happen. Once serving cell(Pcell) is identified, UE is informed the information on NR such as SS burst set periodicity(SSBP) and SS burst set timing offset(SSBO) in RRC_Connected State, and performs inter-RAT measurement on NR frequency during ‘A’ in Figure2.2. 
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Figure2.2. Measurement in NR NSA

If UE has single RF chain, UE requests MG to perform inter-RAT NR measurement. And, if UE has a different RF chain, MG is not requested. After activating PScell as serving cell, UE performs intra-frequency measurement as well as inter-frequency measurement for both E-UTRA and NR. Herein, UE requires MG(s) to identify and measure E-UTRA inter-frequency due to RF retuning and/or NR intra-frequency due to Rx Beamforming and/or NR inter-frequency due to RF retuning. MG is configured with measurement gap repetition period (MGRP) and measurement gap offset(MGO). 

Based on the current specification and agreement, MGO is referenced to MeNB and SSBO is referenced to SeNB as Figure2.3.
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Figure2.3. Timing reference for MGO and SSBO

Herein, MeNB does not know timing difference between MeNB and SeNB in dual connectivity before reporting SFN and sub-frame timing difference (SSTD) by UE. It is not possible to configure MGO and SSBO for that measurement gap length(MGL) contains 5ms window of SS blocks. It is big problem and should be solved. In this paper, 2 solutions are provided. One is for case of MeNB as reference time of MGO for PScell. The other is for case of SeNB as reference time of MGO for PScell. 

· Observation 1: It is difficult to configure MGO and SSBO for that MGL contains 5ms window of SS blocks when MeNB does not know the timing difference of MeNB and SeNB since MGO is referenced to MeNB and SSBO is referenced to SeNB in DC.

· Proposal 1: Ran4 should inform problem of observation1 to other Group(s).
· Proposal 2: Ran4 should make solution for problem of observation1 and inform other Group(s).
2.2 MG in DC when MGO of PScell is referenced to MeNB
For MG, the following requirements are specified in Rel-14 TS36.133 :

	· E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs
· If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells and the UE does not support perServingCellMeasurementGap-r14 or is not configured with per serving cell measurement gaps,
· E-UTRAN must provide gap pattern(s) on at least each serving component carrier (per-CC) where the UE has indicated in the perCC-ListGapIndication IE that gaps are required
· If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells and the UE supports perServingCellMeasurementGap-r14 and is configured with per serving cell measurement gaps.


Whether these MG pattern(s) is feasible or not for NR NSA scenario should be taken into account. 
NR NSA scenario is based on dual connectivity(DC). In DC, it is not assumed to be synchronized between MeNB and SeNB unlike CA. 
For LTE, MeNB informs SFN offset between MeNB and SeNB by MIB or signaling to UE and UE measures and reports SFN and Subframe Timing Difference(SSTD) between MeNB and SeNB. 
Figure 2.4 shows one example for single MG and per-CC based MG(s) in LTE DC. For single MG, synchronization signals of MeNB cell and SeNB cell are located in window of MGL. And for per-CC based MG, each synchronization signal of MeNB cell and SeNB cell is also located in each window of MGL. Here, MeNB is timing reference of measurement gap offset(MGO) for both single MG and per-CC based MG.
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(a) Single measurement gap
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(b) Per-CC measurement gap

Figure2.4. Measurement gap in LTE

For NR NSA scenario, as mentioned in section 2.1, it is expected for UE to request MG to perform the inter-RAT NR measurement before PScell activation (duration ‘A’ in Figure2.2) when having single RF chain. In this case, a window of MGL should be overlapped with SS burst set duration(SSBD) of 5ms to identify and measure inter-RAT NR cells by Pcell. And UE should be informed about SS burst set periodicity(SSBP) and SS burst set timing offset(SSBO) from Pcell. For the overlapping window of MGL and SSBD, the informed SSBO should be referenced to MeNB. 
Figure 2.5 shows one example for single MG and per-CC based MG(s) in NR NSA. For single MG, synchronization signal of MeNB cell and SS burst(SSB) of SeNB cell should be located in window of MGL. For per-CC based MG, SSB of SeNB should be also located in window of MGL which is configured for SeNB frequency measurement. It is possible through configuration of MGO and SSBO by MeNB for both single MG and per-CC based MG .Here, MeNB is timing reference of MGO for both single MG and per-CC based MG.
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(a) Single measurement gap
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(b) Per-CC measurement gap

Figure2.5. Measurement gap in NR NSA

However, big problem is that timing reference of SSBO is not MeNB but SeNB so that MeNB cannot know SSBO with timing reference of MeNB provided that there is not any information of time difference between MeNB and SeNB. For configuration overlapping window of MGL and SSBD, the information of time difference between MeNB and SeNB is needed. The time difference is equal to SSTD which is reported from UE. It means that MeNB can configure SSBO with reference to MeNB as follows after reporting SSTD by UE.

· Before reporting SSTD

· SSBO = SSBO_SeNB

· MGO = MGO_MeNB

· After reporting SSTD

· SSBO = SSBO_MeNB = SSBO_SeNB + SSTD

· MGO = MGO_MeNB

In other words, it is not possible to configure overlapping window of MGL and SSBD before reporting SSTD. Therefore, new MG is needed to identify and measure inter-RAT NR cells before reporting SSTD(during ‘A’ in Figure2.2) . After reporting SSTD, normal MG can be re-configured.
For new MG, SSBP should be taken into account. For example, in assumption that different SSBPs are configured for inter-RAT NR cells, maximum SSBP can be set as MGL to identify and measure the inter-RAT NR cells. 
Figure 2.6 shows one example for the new MG before reporting SSTD. When UE has single RF chain in NR DC(Pcell is LTE or NR, and PScell is NR) , UE reports its RF capability to MeNB and requests MG to MeNB. MeNB configures SSBO which is referenced to SeNB(SSBO_SeNB) and configures MG in which MGL is set to maximum SSBP among the configured SSBPs for NR PScell and MGRP is set to N*MGL, here N can be integer larger than 1. Using the MG, UE can identify and measure NR cells. And, after reporting measurement of NR cells to MeNB, MeNB configures PScell to UE. Then, UE has to measure SSTD and report it to MeNB additionally. With the reported SSTD, MeNB can re-configure SSBO which is referenced to MeNB(SSBO_MeNB = SSBO_SeNB + SSTD) and MG with normal MGL of 6ms and MGO to overlap window of MGL and SSBD. 

[image: image8.emf]SSB_offset_MeNB

MG_for_PScell

MG_offset

80ms

SSB_80ms(Max.)

SFN_MeNB

SFN_SeNB

SSTD

report

MG_offset

SSB_offset_SeNB

UE

MeNB

SeNB

SSB_offset_SeNB

MG_conf.

RF capa.&

MG_req.

SSB_offset =

SSB_offset_SeNB MG_re-conf.

SSB_offset = SSB_offset_SeNB + SSTD

SSB_40ms

80ms

Identify & Measure 

NR cells

MGRP=80ms

Measure SSTD

Report

NR cells

PScell 

conf.


Figure2.6. Measurement gap in NR DC with single RF chain
On the other hand, Figure2.7 shows one example with multiple RF chain in NR DC. In this case, UE does not request MG and reports its RF capability to MeNB.  MeNB configures SSBO which is referenced to SeNB(SSB_offset_SeNB). Without MG, UE can identify and measure NR cells. And, after reporting measurement of NR cells to MeNB, MeNB configures PScell to UE. Then, UE has to measure SSTD and report it to MeNB additionally. And for NR inter-frequency measurement with PScell RF chain, UE requests MG to MeNB. Then, with the reported SSTD, MeNB can re-configure SSBO which is referenced to MeNB(SSBO_MeNB = SSBO_SeNB + SSTD) and MG with normal MGL of 6ms and MGO to overlap window of MGL and SSBD.
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Figure2.7. Measurement gap in NR DC with multiple RF chain

When PScell is changed into another NR cell in different frequency after Pscell is activated as serving cell and when serving PScell and target cell is not synchronized, the same problem which MeNB does not know the time difference between PScell and target cell occurs so that MeNB cannot configure to overlap window of MGL and SSBD. To solve the problem, same approach can be considered before reporting SSTD between PCell and target cell for PScell.

2.3 MG in DC when MGO of PScell is referenced to SeNB
In order to configure overlapping window of MGL and SSBD, more simple way is to set timing reference of MGO with corresponding MeNB or SeNB independently. For example, timing reference of MGO for Pcell is set to MeNB and that for PScell is set to SeNB. It is different from current specification in which MeNB is common timing reference for both Pcell and PScell. 
· Before reporting SSTD

· SSBO = SSBO_SeNB

· MGO_Pcell = MGO_MeNB

· MGO_PScell = MGO_SeNB

· After reporting SSTD

· SSBO = SSBO_SeNB

· MGO_Pcell = MGO_MeNB

· MGO_PScell = MGO_SeNB

Figure 2.8 shows one example of timing reference for MGO of PScell in single RF chain. When UE has single RF chain in NR DC(Pcell is LTE or NR, and PScell is NR) , UE reports its RF capability to MeNB and requests MG to MeNB. MeNB configures SSBO with reference to SeNB and MG with reference to SeNB to overlap window of MGL and SSBD. However, big problem is that UE does not know the SeNB reference timing for SSBO and MGO for SeNB before identification of PScell except for SFN offset which is informed through MIB or signaling from Pcell(MeNB). Based on SFN offset, MGO can be off up to ±10ms in UE side. Regarding uncertainty of MGO, UE can identify and measure NR cells using MGL of 26ms(10ms+6ms+10ms) in UE side regardless of configuration of MGL of 6ms. For reducing the uncertainty of MGO, it is needed to inform subframe offset in addition to SFN offset to UE. With information of SFN offset and subframe offset between MeNB and SeNB, UE can reduce off-range of MGO up to ±1ms and use MGL of 8ms(1ms+6ms+1ms) in UE side.  Using MG, UE can identify and measure NR cells. And, after reporting measurement of NR cells to MeNB, MeNB configures PScell to UE and UE measures and report SSTD to MeNB. After identifying NR cells, UE can use MGL of 6ms since uncertainty of MGO is disappeared. 
· Before identifying NR cells

· MGO_PScell in UE side = MGO_SeNB ± uncertainty of MGO

· After identifying NR cells
· MGO_PScell in UE side = MGO_SeNB
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Figure2.8. Measurement gap in NR DC with single RF chain

Figure 2.9 shows one example of timing reference for MGO of PScell in multiple RF chain. When UE has multiple RF chains in NR DC(Pcell is LTE or NR, and PScell is NR) , UE reports its RF capability to MeNB. MeNB configures SSBO with reference to SeNB. Without MG, UE can identify and measure NR cells. And, after reporting measurement of NR cells to MeNB, MeNB configures PScell to UE and UE measures and report SSTD to MeNB. For NR inter-frequency measurement with PScell RF chain, UE requests MG to MeNB. Then, MeNB configures MG with reference to another SeNB corresponding to NR inter-frequency to overlap window of MGL and SSBD. However, it also has big problem which UE does not know another SeNB reference timing for SSBO and MGO before identification of NR inter-frequency cell except for SFN offset which is informed through MIB or signaling from Pcell(MeNB). Based on SFN offset, MGO can be off up to ±10ms in UE side. Regarding uncertainty of MGO, UE can identify and measure NR cells using MGL of 26ms(10ms+6ms+10ms) in UE side regardless of configuration of MGL of 6ms. For reducing the uncertainty of MGO, it is needed to inform subframe offset in addition to SFN offset to UE. With information of SFN offset and subframe offset between MeNB and SeNB, UE can reduce off-range of MGO up to ±1ms and use MGL of 8ms(1ms+6ms+1ms) in UE side.  Using MG, UE can identify and measure NR inter-frequency cells. And, after reporting measurement of NR inter-frequency cells to MeNB, MeNB re-configures PScell to UE and UE measures and report corresponding SSTD to MeNB. After identifying NR inter-frequency cells, UE can use MGL of 6ms since uncertainty of MGO is disappeared. 

· Before identifying NR inter-frequency cells

· MGO_PScell in UE side = MGO_SeNB ± uncertainty of MGO

· After identifying NR inter-frequency cells
· MGO_PScell in UE side = MGO_SeNB
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Figure2.9. Measurement gap in NR DC with multiple RF chain

Based on the section 2.2 and section 2.3, we propose as follows.
· Proposal 3: When MGO is reference to MeNB, SSBO is reference to SeNB and MeNB does not know the timing difference of MeNB and SeNB, MGL longer than 6ms is needed to be defined.
· Proposal 4: When MGO is reference to SeNB, SSBO is reference to SeNB and MeNB does not know the timing difference of MeNB and SeNB, MeNB should inform subframe offset in addition to SFN offset to UE to reduce uncertainty of MGO in UE side.
3 Conclusion
In this paper, we pointed out problem as following observation.

· Observation 1: It is difficult to configure MGO and SSBO for that MGL contains 5ms window of SS blocks when MeNB does not know the timing difference of MeNB and SeNB since MGO is referenced to MeNB and SSBO is referenced to SeNB in DC.

Based on the discussion for the observation, we propose as follows.
· Proposal 1: Ran4 should inform problem of observation1 to other Group(s).
· Proposal 2: Ran4 should make solution for problem of observation1 and inform other Group(s).
· Proposal 3: When MGO is reference to MeNB, SSBO is reference to SeNB and MeNB does not know the timing difference of MeNB and SeNB, MGL longer than 6ms is needed to be defined.
· Proposal 4: When MGO is reference to SeNB, SSBO is reference to SeNB and MeNB does not know the timing difference of MeNB and SeNB, MeNB should inform subframe offset in addition to SFN offset to UE to reduce uncertainty of MGO in UE side.
Reference
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