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1 Introduction

In  RAN4#72bis meeting,  Ran4 got the LS[1] on DRS based measurements from Ran2. There was some discussion for reply LS. This paper discusses on legacy CRS RSRQ when DRS measurement is configured.
2 Discussion
RAN2 sent the following  LS in the last meeting.

RAN2 discussed the L1 parameters for SCE PHY provided in RAN1 LS R1-143665, but would seek clarification on the following parameter:

[L1 parameter]  PCID List for CRS-based DRS measurement;

[RAN1 agreement] In the case of CRS-based DRS measurement, in addition to the DMTC, the signalling can include

– A neighbour cells list (PCIDs)

RAN2 would like RAN1 to clarify whether the intention of the above PCID List is to provide the UE a list of all neighbour cells for the configured frequency on which UE performs the DRS measurement based on the DMTC configuration, and if so, whether UE should perform legacy CRS measurements for the cells not listed?

RAN2 agreed that if DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure also legacy CRS RSRP for the PCell and the activated SCell. RAN2 would like RAN4 to answer whether this would also be possible for legacy CRS RSRQ?

RAN2 would also like RAN4 to answer the following questions so that RAN2 can complete the RRC signalling design:

1)
The maximum number of CSI-RS resources that UE can report for CSI-RS based DRS measurement;

2)
The value range of the new measurement quantity: CSI-RSRP.
This paper focuses on possibility of legacy CRS RSRQ when DRS measurement is configured.  Figure 1 shows the situation in which 3 cells(serving Macro cell, neighbouring Macro cell and small cell) have same frequency of f1 . 
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Figure 1. Intra-frequency scenario
When DRS measurement is configured at serving MeNB, total RSSI  can be different according to on-duration and off-duration of DMTC in intra-frequency measurement. Figure 2 explains this.
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Figure 2. RSSI of intra-frequency when small cell is off
From Figure 2, we can have some following observations on total RSSI(=serving cell RSSI+Neighbouring cell RSSI+small cell RSSI).
· Observation 1 : In case that small cell is off in which only DRS occasion exists, total RSSI is different between DMTC on duration and DMTC off duration in intra-frequency case.
· Observation 2 : In case that small cell is off in which only DRS occasion exists, total RSSI on DMTC on duration is higher than that on DMTC off duration in intra-frequency case.
· Observation 3 : In case that small cell is on, total RSSI is not different between DMTC on duration and DMTC off duration in intra-frequency case.
Figure 3 shows the situation in which 3 cells(serving Macro cell, neighbouring Macro cell and small cell) have different frequency of f1, f2 and f2 respectively(neighbouring Macro cell has same frequency as small cell). 
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Figure 3. Inter-frequency scenario
When DRS measurement is configured at serving MeNB, only RSSI of small cell  can be different according to on-duration and off-duration of DMTC in inter-frequency measurement. Figure 4 shows this.
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Figure 4. RSSI of inter-frequency when small cell is off
From Figure 4, we can have some following observations on total RSSI of f2(=Neighbouring cell RSSI+small cell RSSI). In MGL overlapped DMTC on duration, measurement of small cell is performed. In MGL not overlapped DMTC on duration, measurement of neighbouring cell is performed.  
· Observation 4 : In case that small cell is off in which only DRS occasion exists, total RSSI of f2 is different between MGL overlapped DMTC on duration and MGL not overlapped DMTC on duration in inter-frequency case.
· Observation 5 : In case that small cell is off in which only DRS occasion exists, total RSSI of f2 on MGL overlapped DMTC on duration is higher than that on MGL not overlapped DMTC on duration in inter-frequency case.
· Observation 6 : If small cell is on, total RSSI of f2 is not different between MGL overlapped DMTC on duration and MGL not overlapped DMTC on duration in inter-frequency case. 
Based on the observations, we provide following proposals in order to manage efficiently the mobility of UE.

· Proposal 1 : When DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure  legacy CRS RSRQ for the PCell or the activated SCell separately in both DMTC on duration and DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 2 : When DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure  legacy CRS RSRQ for the intra-frequency neighbouring cell  separately in both DMTC on duration and DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 3 : When DRS measurement is configured for a carrier frequency which is for small cell and is different frequency from PCell or an activated SCell, UE shall measure  legacy CRS RSRQ for the PCell or the activated SCell in DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 4 : When DRS measurement is configured for a carrier frequency which is for small cell and is different frequency from PCell or an activated SCell, UE shall measure  legacy CRS RSRQ for the inter-frequency neighbouring cell having same frequency of small cell separately in both DMTC on duration and DMTC off duration within legacy available inter-frequency measurement time.
· Proposal 5 : When DRS measurement is configured, new signalling is needed to measure CRS RSRQ separately in  DMTC on duration and DMTC off duration.
· Proposal 6 : If Ran4 agree on proposal5, it is needed to send related LS  to Ran2 for efficient mobility management.
· [RAN2 Question] RAN2 agreed that if DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure also legacy CRS RSRP for the PCell and the activated SCell. RAN2 would like RAN4 to answer whether this would also be possible for legacy CRS RSRQ?

· [RAN4 Response]: Yes. However, legacy CRS RSRQ can have significant difference between DMTC on duration and DMTC off duration. Because DRS occasion is only in DMTC duration in case of small cell off. It would degrade the performance of mobility. So, Ran4 agreed that if DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured it is  more efficient in aspect of mobility management for UE to measure legacy CRS RSRQ separately in DMTC on duration and DMTC off duration. For it, Ran4 recommend Ran2 to consider the related issue.
3 Conclusion
In this contribution, we provided some observations on legacy RSRQ when DRS measurement is configured. Based on the observations, we propose as following.
· Proposal 1 : When DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure  legacy CRS RSRQ for the PCell or the activated SCell separately in both DMTC on duration and DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 2 : When DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure  legacy CRS RSRQ for the intra-frequency neighbouring cell  separately in both DMTC on duration and DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 3 : When DRS measurement is configured for a carrier frequency which is for small cell and is different frequency from PCell or an activated SCell, UE shall measure  legacy CRS RSRQ for the PCell or the activated SCell in DMTC off duration within legacy available intra-frequency measurement time.
· Proposal 4 : When DRS measurement is configured for a carrier frequency which is for small cell and is different frequency from PCell or an activated SCell, UE shall measure  legacy CRS RSRQ for the inter-frequency neighbouring cell having same frequency of small cell separately in both DMTC on duration and DMTC off duration within legacy available inter-frequency measurement time.
· Proposal 5 : When DRS measurement is configured, new signalling is needed to measure CRS RSRQ separately in  DMTC on duration and DMTC off duration.
· Proposal 6 : If Ran4 agree on proposal5, it is needed to send related LS  to Ran2 for efficient mobility management.
· [RAN2 Question] RAN2 agreed that if DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured, UE shall measure also legacy CRS RSRP for the PCell and the activated SCell. RAN2 would like RAN4 to answer whether this would also be possible for legacy CRS RSRQ?

· [RAN4 Response]: Yes. However, legacy CRS RSRQ can have significant difference between DMTC on duration and DMTC off duration. Because DRS occasion is only in DMTC duration in case of small cell off. It would degrade the performance of mobility. So, Ran4 agreed that if DRS measurement is configured for a carrier frequency on which PCell or an activated SCell is configured it is  more efficient in aspect of mobility management for UE to measure legacy CRS RSRQ separately in DMTC on duration and DMTC off duration. For it, Ran4 recommend Ran2 to consider the related issue.
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