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1. Introduction
For small cell on/off, RAN1 has decided to introduce DRS measurement and had achieved significant progress [1] [2]. RAN2 has carried out email discussion of RRM framework for DRS measurement. But there are still some issues not covered by this email discussion. This document makes contribution to these potential issues and considers the impact to the specification.
2 Discussion
According to RAN1 agreements [1], a UE can be configured with one DRS measurement timing configuration (DMTC) per frequency. DMTS may include the following information:
· DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS
· DRS measurement timing configuration includes at least period and offset and potentially duration
Usually, once UE receives measurement object corresponding to one measurement identity in the measurement configuration, UE should begin to perform the corresponding measurements of neighbouring cells on the frequency indicated in the concerned measurement object. After the measurement identity is released, UE will not perform the corresponding measurements of neighbouring cells on the frequency indicated in the concerned measurement object.
If DMTC indicates when UE may perform cell detection and RRM measurement based on DRS, this means once UE receives the measurement configuration corresponding to DRS measurement, UE will not perform DRS measurement until the indicated executive time begins. This increases the processing complexity of UE and may not be efficient. For example, if the indicated executive time has not reached, but UE is far away from small cell, the PCell has to release this DRS measurement.
Proposal 1: Do not indicate when UE may perform DRS measurement. Once UE receives DMTC, UE should begin to perform DRS measurement.
For the current event triggered measurement, UE should perform measurement until the corresponding measurement identity is released. If small cell/TP changes its status (from OFF to ON), PCell can reconfigure measurement configuration such as deleting DMTC. 
But in some scenarios, the current PCell may not quickly reconfigure DMTC when the small cell/TP is turned on due to other eNBs. Considered the following scenario in figure 2:
UE1 has connected with eNB1 and moves slowly to one small cell; and UE2 has connected with eNB2 and moves fast to the small cell. The small cell has turned off and informed eNB1 and eNB2 of its DRS configuration through backhaul. Both UE1 and UE2 are configured with the DRS based measurement.
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Fig.2 DRS measurement by different UEs
If UE2 moves fast to small cell than UE1, UE2 will quickly trigger measurement report about the small cell and eNB2 will request to activate the small cell for handover or offload for UE2. If the small cell turns on according to the request, it will inform eNB1 and eNB2 of its new status through backhaul. Assume eNB1 later knows small cell status change due to backhaul latency (it is reasonable for small cell to send response to eNB2 in time if handover for UE2 is triggered), UE1 will not quickly know small cell status change. UE1 will continue performing DRS based measurement according to the previous DMTC. UE1 may detect reference signals from small cell in other subframes not belonging to DMTC because the small cell has turned on. Under this situation, UE1 should perform normal measurement for this small cell.
Proposal 2: If UE detects reference signals from the small cell in other subframes not belonging to DMTC, UE should perform normal measurement for this small cell.
According to RAN1 agreement, DRS will include PSS/SSS/CRS at least. CRS on antenna port 0 always exists. DRS may include CSI-RS. The measurement event may have the following options:
· 1. Reuse the current event such as A3, A4. Since CRS on antenna port 0 always exists, the current event can be reused to have less impact on specification. If CSI-RS is also included, UE can be enhanced to carry available CSI-RS based RSRP in measurement report if CRS based RSRP/RSRQ is fulfilled with reporting condition. RAN1 has not made sure whether to introduce CSI-RS base RSRQ.
· 2. Define new measurement event for CSI-RS based measurement. According to the discussion progress for CoMP in RAN2#79, event C1 (Entering condition: 
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, Mcp is the CSI-RS based RSRP of the target CSI-RS resource, Hys is the hysteresis parameter for this event, Thresh is the offset parameter for this event and Opcp is the offset of the target CSI-RS resource) is defined. UE also can be enhanced to carry available CRS based RSRP in measurement report if event C1 entering condition is fulfilled.
· 3. Combine 1 and 2. For example, when DRS includes CSI-RS, CRS based measurement event and CSI-RS based measurement event are configured simultaneously for the same measurement identity for UE. Once CRS based measurement event is fulfilled, or CSI-RS based measurement event is fulfilled, UE should trigger measurement report, and the measurement report includes available CSI based RSRP/RSRQ and CSI-RS based RSRP.
All these three options can meet the requirement: discovery signal should identify transmission point. 
According to simulation evaluation in RAN1 (TR36.872), in dense deployment scenario, CSI-RS detection is better than CRS detection. UE can detect CSI-RS before CRS. Under this situation, option 1 may miss or delay the measurement report of CSI-RS based RSRP. So it is better to define new measurement event such as C1, and this event can be used for other purpose such as CoMP.
When there is mixture of small cells and TPs on one frequency, the corresponding measurement object will include these small cells and TPs. If two different reporting configurations are configured for UE (one is CRS based event, another is CSI-RS based event), UE should perform the individual evaluation and individual report. The PCell can not simultaneously obtain the CSI-RS based RSRP and CRS based RSRP results, so the PCell can not know the actual channel condition on this frequency, which may result in that PCell makes wrong decision for offload or handover. It is proposed to adopt option 3.
Proposal 3: It is proposed to adopt option 3 above where  CRS based measurement event is fulfilled, or CSI-RS based measurement event is fulfilled, UE should trigger measurement report, and the measurement report includes available CSI based RSRP/RSRQ and CSI-RS based RSRP for DRS measurement.
For measurement object corresponding to the frequency configured with DMTC, if DRS include CSI-RS, measurement object should indicate CSI-RS configuration. According to RAN2#79 Chairman Minutes, CSI-RS configuration will include the following information:
· ResourceConfig

· SubframeConfig

· Scrambling initialization parameter

· CSI-RS resource specific offsets

RAN1 has not made sure whether to indicate the number of CSI-RS ports, RAN2 need to wait for RAN1 decision.
Measurement object also needs to indicate other necessary parameters: allowedMeasBandwidth, presenceAntennaPort1, neighCellConfig, measCycleSCell and measSubframePatternConfigNeigh. RAN4 will discuss measurement requirement for DRS based measurement, it is up to RAN4 to decide whether to introduce individual allowedMeasBandwidth for DRS based measurement especially for CSI-RS based RSRP measurement.
RAN1 has not made decision whether CRS antenna port 1 for DRS is transmitted and configurable. RAN2 need to wait for RAN1 decision.
RAN1 has not make decision whether CSI-RS antenna port 16 for DRS is transmitted and configurable. If CSI-RS antenna port 16 for DRS is configurable, measurement object needs to introduce individual presenceAntennaPort16.
The parameter measCycleSCell is relative to measurement requirement. The parameter is used only when a SCell is configured on the frequency indicated by the measObject and is in deactivated state. When DMTC is configured on the frequency where there is a deactivated SCell, whether to apply this parameter is determined by RAN4.
Time domain measurement resource restriction pattern (measSubframePatternConfigNeigh) is applicable to neighbour cell RSRP and RSRQ measurements on the carrier frequency. The IE measSubframeCellList lists cells for which measSubframePatternNeigh is applied. PCell can know whether the small cell should be included in measSubframeCellList. If included, UE only performs DRS based measurement in the restricted subframe; otherwise, UE can perform DRS based measurement according to DMTC.
Observation: there are few FFS points in RAN1 discussion on DRS measurement, therefore RAN2 should wait for RAN1 inputs in order to finalise DRS measurement configuration.
The IE neighCellConfig is used to provide the information related to MBSFN and TDD UL/DL configuration of neighbour cells:
00: Not all neighbour cells have the same MBSFN subframe allocation as the serving cell on this frequency, if configured, and as the PCell otherwise
10: The MBSFN subframe allocations of all neighbour cells are identical to or subsets of that in the serving cell on this frequency, if configured, and of that in the PCell otherwise

01: No MBSFN subframes are present in all neighbour cells

11: Different UL/DL allocation in neighbouring cells for TDD compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise
For TDD, 00, 10 and 01 are only used for same UL/DL allocation in neighbouring cells compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise.

UE assumes that there is no DRS transmission in MBSFN subframe of small cell. In FDD, if neighCellConfig is set to 00 or 10 (subsets) on the frequency linked to DMTC, UE can not know in detail which subframe is MBSFN subframe in neighbouring cells. Under this situation, UE can not make sure whether there is DRS transmission in DRS occasion if the subframe can be configured as MBSFN subframe. Measurement object needs to be enhanced to inform the detailed MBSFN subframe on this frequency, or Measurement object needs to be enhanced to inform whether some subframe within DRS occasion has no DRS transmission due to MBSFN on this frequency.
In TDD, if neighCellConfig is set to 11, UE can not make sure which UL/DL allocation is applicable on the frequency. UE can not make sure which subframe is DL subframe or special subframe in small cell. For example, in the following Table, subframe 6 may be special subframe or normal downlink subframe; and subframe 7 may be uplink subframe or downlink subframe. But if UE can not know the detailed UL/DL allocation in small cell, UE may perform wrong measurement. Measurement object needs to be enhanced to inform UL/DL allocation on the frequency. 
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D


Table 1. Different UL/DL allocation
Proposal 4: measurement object needs to be enhanced to indicate MBSFN subframe and UL/DL allocation within DRS occasion.
3 Conclusion

This contribution discussed DRS measurement impact and the following proposals/observation were made:
Proposal 1: Do not indicate when UE may perform DRS measurement. Once UE receives DMTC, UE should begin to perform DRS measurement.
Proposal 2: If UE detects reference signals from the small cell in other subframes not belonging to DMTC, UE should perform normal measurement for this small cell.
Proposal 3: It is proposed to adopt option 3 above where  CRS based measurement event is fulfilled, or CSI-RS based measurement event is fulfilled, UE should trigger measurement report, and the measurement report includes available CSI based RSRP/RSRQ and CSI-RS based RSRP for DRS measurement.
Observation: there are few FFS points in RAN1 discussion on DRS measurement, therefore RAN2 should wait for RAN1 inputs in order to finalise DRS measurement configuration.
Proposal 4: measurement object needs to be enhanced to indicate MBSFN subframe and UL/DL allocation within DRS occasion.
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