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1 Introduction
There are some remaining issues for small cell enhancements following the RAN1 email discussions [1]

 REF _Ref403056084 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref403056086 \r \h 
 \* MERGEFORMAT [3]. In this contribution, we present our views on the remaining issues.  
2 MBMS on SCell configured with DRS 
According to the agreement from the email discussion [77-08], DRS measurement configuration on SCell is used as the condition for the UE to assume the SCell may be performing act/deact based on/off, hence cannot assume the presence of legacy signals when the SCell is deactivated. 
Agreement (email discussion [77-08] on 19th June 2014):

UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:

· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions  until the subframe wherein the activation command is received at the UE

· FFS MBMS on this SCell.

· FFS further reduction of CRS in an activated SCell.

In hindsight, the agreement was reached prematurely without thorough consideration for MBMS support. It seems that at least the following issues need to be resolved:

Q1: Can MBMS can be supported for SCell performing act/deact based on/off? 

Q2: What should be the condition for the UE to assume that SCell is performing act/deact based on/off?

Q3: Can MBMS can be supported on a carrier frequency where there are some cells performing on/off based on CA activation/deactivation?
For the purpose of discussion, a cell is considered supporting MBMS if the control signalling required with MBMS (including MIB, necessary SIBs, PDCCH for MCCH change notification) as well as PMCH is transmitted by the cell. Although, it is also possible for a cell to only participate in SFN transmission of PMCH without transmitting the necessary control signalling, this mode of operation is transparent to the UE and is purely network implementation issue, therefore we do not explicitly consider this case further.
Regarding Q1, our view is that a cell performing act/deact based on/off will not be able to support idle mode effectively and is not suitable for MBMS support. Relying only on DRS for time/frequency synchronization for receiving MBMS has not been evaluated and therefore has to be ruled out for Rel-12. 

Proposal 1: It is assumed that MBMS cannot be supported for SCell performing act/deact based on/off.
Regarding Q2, our view is that the condition as per [77-08] agreement is not a sufficient condition because it is possible that DRS can be configured for SCell but the SCell is actually not performing on/off (e.g. for shared cell id scenario or dense small cell discovery enhancement). This is also consistent with the RAN1#78bis agreement that the DRS feature is prerequisite to the on/off feature and not the other way round. It would be too restrictive to deployment to exclude MBMS just because a SCell is configured with DRS. Note also that a cell can change from PCell to SCell and vice versa via intra-cell handover, it would seem strange that a UE receiving MBMS from a PCell can suddenly no longer assume it is allowed to continue receiving MBMS from the same cell after the cell is reconfigured to be SCell. In our view, there are two options to resolve this issue:
Option 1: UE has to perform blind detection of the presence of legacy signals for a deactivated SCell configured with DRS. If the legacy signals are determined to be present, the SCell may provide MBMS.
Option 2: Additional signalling is provided to inform the UE whether a deactivated SCell configured with DRS is transmitting legacy signals and hence may provide MBMS.
Option 1 places the burden on the UE to resolve the issue, but it can simplify specification by avoiding the need for signalling. Option 2 requires additional specification but can avoid additional UE implementation complexity associated with blind detection. Moreover, signalling can also be used to provide indication to the UE if the network changes cell performing on/off to be always on and vice versa, and decide whether to turn on MBMS accordingly (e.g. if it receives MBMS interest indication). Blind detection cannot support this operation efficiently because UE would not know when to perform blind detection. Option 2 is the preferred choice from UE complexity viewpoint. It should also be noted that additional signalling support is only needed for RRC connected UEs. This is because it is not expected that an idle mode UE would be able to camp on a cell performing on/off due to the absence of essential system information broadcast.
Proposal 2: From UE complexity viewpoint, it is preferred that additional signalling is provided to inform the UE whether a deactivated SCell configured with DRS is transmitting legacy signals and hence may provide MBMS.
Regarding Q3, our view is that it should be possible to support MBMS on a carrier frequency where some cells are performing on/off based on CA activation/deactivation. Deployment scenarios where a subset of cells may not support MBMS is not new and are referred to as “MBSFN Area Reserved Cells” [4]. One example of such cell is CSG cells. When UE encounters a cell not supporting MBMS, and if MBMS is available on a different frequency (from SIB15) (e.g. on macro), UE can switch to that frequency (network can assist UE with handover, or UE reselects). Therefore, there seems no strong motivation to preclude the support of MBMS on a carrier frequency where there are some cells performing on/off based on CA activation/deactivation.

Observation 1: Deployment scenarios where a subset of cells may not support MBMS is not new and are referred to as “MBSFN Area Reserved Cells” [4]. One example is CSG cells.

Proposal 3: MBMS can be supported on a carrier frequency where there are some cells performing on/off based on CA activation/deactivation.
3 Configuration of legacy CRS measurement on carrier frequency with DRS measurement configuration

RAN1 received an LS from RAN2 (R1-144528) seeking clarification on the purpose of PCID list which can be configured when CRS based DRS measurement is configured. The following was agreed as a result of the email discussion [2]:
· For a carrier frequency, a UE can be configured to perform DRS-based RSRP and RSRQ measurement for all neighboring cells according to DMTC. This is supported at least in the following two cases:

-          if no PCID list is configured (i.e. no legacy PCID list and no new PCID list)

-          if only the legacy PCID list is configured

· There is no consensus on whether a UE can be configured to perform both legacy CRS measurement and DRS-based CRS measurement for neighboring cells on the same carrier frequency

-          There is no consensus on whether to introduce a new PCID list for CRS-based measurements to indicate which neighboring cells are measured according to DMTC and which neighbouring cells are measured without DMTC.
First of all, it should be possible to deploy both legacy cells and cells configured with DRS on the same frequency. For a Rel-12 UE connected to cells configured with DRS, the current agreement means that this UE has to measure all neighboring non-serving cells (which can on the PCell frequency) according to DMTC (periodicity of 40, 80 or 160 ms), even for cells that are not configured with DRS, or are configured with DRS (CSI-RS) but are not performing on/off (which can be all cells on the frequency). Since DMTC is not configured in a cell-specific manner (it is frequency specific), DMTC periodicity should correspond to the longest DRS occasion periodicity among the cells.  As indicated in RAN4 LS (R4-146655), the performance requirement for CRS-based DRS measurement can be different than the legacy performance requirement; specifically the measurement reporting latency scales with DMTC periodicity. If long DMTC periodicity has to be configured to match with the longest DRS periodicity of some cells, Rel-12 UE measurement performance will be worse compared to the legacy requirement because of the delayed measurement reports. 
In Table 1, we show that the performance of CRS based DRS periodicity of 160 is comparable to the baseline of DRS periodicity of 40ms with measurement period of 200ms, provided the measurement period is increased to 800ms.

Table 1: 90% absolute RSRP accuracy with different measurement period
	SNR[dB]
	Case 1: Measurement Period 800ms with DRS periodicity 160ms
	Case 2: Measurement Period 200ms with DRS periodicity 40ms

	
	AWGN
	EPA5Hz
	ETU70Hz
	AWGN
	EPA5Hz
	ETU70Hz

	-12
	5.1
	4
	4.1
	5.1
	3.9
	4.1

	-10
	4
	2.9
	3.4
	4
	2.9
	3.4

	-8
	3.1
	1.9
	2.4
	3.1
	2
	2.5

	-6
	2.4
	1.3
	1.7
	2.4
	1.5
	1.8


In addition, it was agreed in RAN1 that for CRS based DRS measurement, the UE assumes only port 0 CRS is transmitted in DRS. This is unlike the legacy measurement procedure where the UE is allowed to measure port 1 if it can reliably determine that port 1 exists. If a carrier frequency is configured with DMTC, UE may measure only port 0 CRS regardless of whether the target non-serving cell actually has transmission on port 1 as well. As a result, there can be significant loss in achievable measurement accuracy especially for low SNR region (e.g. SNR=-12dB or -10dB).  

Observation 2: If the UE only measures all non-serving cells (including cells that are not configured with DRS, or are configured with DRS but are not performing on/off) according to DRS measurement assumption, RRM measurement performance for a target legacy cell will be worse than the legacy performance in terms of:

· Measurement report latency, which increase proportionally with the DMTC periodicity, and;

· Measurement accuracy, especially in the low SNR region because UE cannot utilize port 1 for CRS based DRS measurement. 
There is actually similarity between this issue and the MBMS issue in Section 2. In particular, the fundamental problem is the necessary and sufficient condition for a UE to differentiate a cell is always on and a cell that can transmit only DRS. Therefore, it makes sense to have a common solution to resolve both issues. In particular, there are two options to resolve this issue together with the issue in Section 2:

Option 1: If a carrier frequency is configured with DMTC, UE has to perform blind detection of the presence of legacy signals for a target cell (except for PCell and activated SCell). 
Option 2: If a carrier frequency is configured with DMTC, additional signalling is provided to inform the UE the presence of legacy signals for a target cell. 
Both for options, if the legacy signals are determined to be present, the UE assumes that the cell may provide MBMS and legacy RRM measurement performance has to be met; otherwise the UE assumes that the cell may not able to support MBMS and RRM measurement performance for the cell can be relaxed. As pointed out in Section 2, Option 2 is the preferred choice from UE complexity viewpoint.
If Option 2 can be agreeable, a simple way to provide the signalling is to indicate to the UE a list of cell ids of which the UE can assume the cell may only transmit DRS. Concern was raised about whether it would be possible for the network to know the full set of cells that may only transmit DRS. In our view, it is reasonable for the network to obtain the list through OAM or X2 exchange. Information exchange among cells cannot be avoided anyway since the eNodeB has to know the DRS occasion periodicity and offset of its neighbouring cells for proper configuration of DMTC, hence it naturally has the full list of cells that may only transmit DRS. 
Proposal 4: If a carrier frequency is configured with DMTC, additional signalling is provided to the UE in the form of PCID list that indicates the cells that may only transmit DRS.

· If a cell is not part of the PCID list, the UE assumes that the cell may provide MBMS and legacy RRM measurement performance has to be met; otherwise the UE assumes that the cell may not able to support MBMS and RRM measurement performance for the cell may be relaxed.
4 Collision of CSI-RS of DRS and PDSCH/EPDCCH 

In the effort to resolve the issue of collision handling of CSI-RS of DRS and PDSCH/EPDCCH, the following was concluded from the email discussion [3]:
Agreement (Alt3ter):

There is no PDSCH and EPDCCH RE mapping procedure associated with the NZP CSI-RS of the DRS.

· PDSCH and EPDCCH shall not be mapped to REs indicated by ZP CSI-RS (including DZP CSI-RS) and REs of NZP CSI-RS configured for CSI feedback.
Continue discussion at RAN1#79 on the UE measurement of a CSI-RS of the DRS in a subframe where the PDSCH or EPDCCH is mapped to REs of that NZP CSI-RS of the DRS.

The only remaining issue is the UE measurement of a CSI-RS of the DRS in a subframe where the PDSCH or EPDCCH is mapped to REs of that NZP CSI-RS of the DRS. This case can occur when the network does not configure ZP CSI-RS to provide protection for NZP CSI-RS of the DRS. In our view, this is rather a corner case as the reasonable network implementation would ensure ZP CSI-RS is configured. Our view is that UE can simply perform measurement as configured but no performance requirement is needed for such a case.
Proposal 5: No performance requirement is specified for UE measurement of a CSI-RS of the DRS in a subframe where the PDSCH or EPDCCH is mapped to REs of that NZP CSI-RS of the DRS.
5 Conclusions
In this contribution, we presented our views on the remaining issues for small cell enhancements. Our observations and proposals are summarized below:
MBMS on SCell configured with DRS

Proposal 1: It is assumed that MBMS cannot be supported for SCell performing act/deact based on/off.

Proposal 2: From UE complexity viewpoint, it is preferred that additional signalling is provided to inform the UE whether a deactivated SCell configured with DRS is transmitting legacy signals and hence may provide MBMS.

Observation 1: Deployment scenarios where a subset of cells may not support MBMS is not new and are referred to as “MBSFN Area Reserved Cells” [4]. One example is CSG cells.

Proposal 3: MBMS can be supported on a carrier frequency where there are some cells performing on/off based on CA activation/deactivation.

Configuration of legacy CRS measurement on carrier frequency with DRS measurement configuration 

Observation 2: If the UE only measures all non-serving cells (including cells that are not configured with DRS, or are configured with DRS but are not performing on/off) according to DRS measurement assumption, RRM measurement performance for a target legacy cell will be worse than the legacy performance in terms of:

· Measurement report latency, which increase proportionally with the DMTC periodicity, and;

· Measurement accuracy, especially in the low SNR region because UE cannot utilize port 1 for CRS based DRS measurement. 
Proposal 4: If a carrier frequency is configured with DMTC, additional signalling is provided to the UE in the form of PCID list that indicates the cells that may only transmit DRS.

· If a cell is not part of the PCID list, the UE assumes that the cell may provide MBMS and legacy RRM measurement performance has to be met; otherwise the UE assumes that the cell may not able to support MBMS and RRM measurement performance for the cell may be relaxed.

Collision of CSI-RS of DRS and PDSCH/EPDCCH

Proposal 5: No performance requirement is specified for UE measurement of a CSI-RS of the DRS in a subframe where the PDSCH or EPDCCH is mapped to REs of that NZP CSI-RS of the DRS.
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