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1. Introduction
The agreements below were reached by RAN1 during and following their last meeting [1]

 REF _Ref395290396 \n \h 
[2]

 REF _Ref395290398 \n \h 
[3] :
Agreements:
· UE assumes PSS/SSS/CRS in the DRS

· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS–based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2
RAN1 is still discussing whether DRS based RSRQ measurement(s) should be defined for CRS, CSI-RS or both.

Agreements:
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.
· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination.
· FFS on details

· DRS can only be transmitted on a DL subframe or DwPTS region of subframes.
· For DRS-based measurement, a UE assumes that 

· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8

· CRS is transmitted at least in the same subframe(s) as PSS/SSS

· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration

· FFS between variable or fixed within 5 msec relative to subframe of SSS

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)

· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values

· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS.
Agreements (regarding DRS-based RRM measurement):

· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency

· The reference timing for the offset is the primary serving cell’s timing

Agreement (regarding measurement gap for DRS-based measurement):

· No new measurement gap pattern is introduced for DRS-based measurement

RAN2 has started to define the RRM framework for DRS-based measurements. An email discussion based on previous CoMP RRM discussion gathered companies’ views [4]. In this contribution we give further details on our understanding of this framework, as well as on the envisaged small cell on/off procedures. 
2. DRS-based RRM considerations
2.1. Usage of DRS measurements

The purpose of DRS is to allow discovery and RRM measurements of a small cell in an “off” state, no longer broadcasting legacy PSS/SSS/CRS signals, for a UE in connected state.

In our understanding, cell association (through handover, CA SCell addition or DC SeNB addition/release) would still be governed by CRS-based measurements from DRS. We do not think that CSI-RS should be used for such purpose as the quality of the cell is basically determined by CRS which is needed for detecting all common channels etc.
Observation 1: CRS-based measurements shall be used for cell association purpose. CSI-RS based measurements shall not be used for this purpose.

It is not fully clear yet what is the goal of CSI-RS based measurements in DRS. Use cases of CSI-RS based measurements are still being discussed in RAN1. In our view, they could be used for TP identification in shared cell-ID scenarios, or CoMP resource management. In the context of small cell on/off and discovery, it seems that the main targeted goal would be TP identification in shared cell-ID scenarios.
In a shared cell-ID scenario, each TP would be associated with a different CSI-RS resource. A UE could be configured for CSI-RS-based RRM measurements in order to report CSI-RS RSRP corresponding to certain  CSI-RS resources/TPs. Possibly, the network could use this information in order to perform switch on/off operations with a TP granularity, or to further configure CSI-RS resources for CoMP CSI feedback purposes. In our view, these operations apply mainly if the UE is already associated to the cell (i.e. the cell is already configured as a serving cell to the UE). 
Observation 2: In case of shared cell-ID scenario, CSI-RS based measurements can be used as an indication of which CSI-RS resources should be configured to the UE for CSI feedback.

2.2. CRS-based measurements in legacy cells and on-off cells
When UE is configured to perform DRS based measurement, the general understanding seems to be that legacy cells (i.e. cells not operating on/off) can still be measured within the DRS occasions, since CRS are transmitted in every subframe.
It can be discussed whether in such a mixed scenario there would be a need for the UE to know if a given cell is a legacy or an on/off cell. Indeed, it could be useful for the UE to have more freedom in performing measurements, or to perform them more often. This could be done, for instance, by listing either legacy cells or on/off cells in the MeasObject. In our view, this should not be needed. The CRS-based measurements from DRS are expected to have similar performance as the legacy CRS RRM measurements. 

Proposal 1: In case of legacy and on/off cells on the same frequency layer, legacy cells can be measured in DRS (as on/off cells). There is no need for additional signaling to indicate which ones are legacy (or on/off) cells.
Regarding measurement quantity, as both types of CRS-based measurements should be equivalent, we do not think any distinction is needed. Basically, the existing RSRP and RSRQ measurement quantities would be used in both cases, with the difference that

· If the MeasObject has DRS configured (DMTC, CSI resources, …), the measurement would be performed on CRS within the DRS occasion.
· Otherwise, legacy measurements are performed.
3. Small cell on/off procedures
We consider separately the semi-static procedures involving new association to (or release from) the on/off small cell, from dynamic procedures while the UE is already associated to the on/off small cell. In our view these procedures are not exclusive but complementary, since they do not apply for the same use cases. 

3.1. Semi-static on/off procedures
In these procedures, a small cell is turned on when a UE is associated to it, and turned off when no UEs are associated to it.  

The principle is to link small cell on/off to the procedures performing cell association:

· Handover to/from the small cell

· SCell addition/removal in CA scenario

· SeNB addition/release in Dual Connectivity scenario

The procedure for handover to the small cell is illustrated below. Same principle can be used for SCell addition/removal in CA scenario and SeNB addition/release in Dual Connectivity scenario.

Apart from DRS based cell detection and measurements, no further impact on RAN2 is expected to support such scenarios. These procedures are further studied in RAN3.
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Proposal 2: Agree that semi-static small cell on/off can be supported, with no further impact in RAN2 in addition to DRS based RRM procedures.
3.2. Dynamic on/off procedures
In these procedures, the UE is already associated to the on/off small cell.
It can first be noted that when a legacy UE is associated (served) by a cell, it can assume frequent broadcasting of synchronization signals (PSS/SSS in subframes 0 and 5, CRS in non-MBSFN subframes). These signals may be used also when UE is not scheduled. Typically, the UE needs some subframes for synchronization purpose (AGC, FFE, FTE) before it can be scheduled in CDRX active time or after SCell activation. CRS based measurements may also be performed in CDRX off or SCell deactivated states to fulfill RRM measurements performance requirements or for other purpose (path loss measurements, …)
Hence, whenever connected to a serving cell, the UE needs to know if legacy signals may not be sent, and if yes when they are not sent.
Regarding the first information, one option is to consider that this is the same as knowing whether DRS is broadcasted. I.e., if the UE is configured for DRS based measurement, then it shall not assume the presence of legacy signals (even for non RRM purpose). However, it may happen that the cell only supports semi-static on/off scheme, in which case even though DRS are sent, so are the legacy signals, and UE could use them for improved performance.
Observation 3: Depending of the on/off schemes supported, it may be beneficial to signal the possible absence of legacy signals separately from the signaling of DRS presence.
Note that the UE may want/need to use DRS for those other non RRM related purpose, hence it would need to know when DRS is broadcasted. This information could be retrieved from MeasConfig, or indicated separately. This would be useful if no measurements are configured, which is theoretically possible, however we do not think this would be a realistic use case.
Regarding the second information, no L3 signaling is expected. In our understanding, this would be derived either from predefined rules or using lower layer procedures. 
Main candidate solutions being looked at by RAN1 includes, among pure L1-based schemes, the following schemes, which are based on RAN2 procedures.
SCell Activation/Deactivation based
The small cell on/off can easily be linked to SCell Activation/Deactivation, i.e., a small cell could be turned off whenever deactivated (for all associated UEs), provided the UE is aware of this behavior and e.g. presence of synchronization and other needed reference signals (e.g. CRS) before activation is agreed.

In the context of dual connectivity, as it has been decided that PSCell cannot be deactivated, this scheme can be supported only on normal SCells, not on PSCell. 
CDRX active time based
It seems also quite natural to allow the small cell to be switched off while the UE is in DRX, assuming connected mode DRX is configured. In case several UEs are connected, best results would be achieved by configuring the same DRX patterns. However it is noted that small cell on/off schemes are mainly intended for and are most useful in cases with a small number of UEs connected to the small cells.
Such a scheme would enable PSCell on/off in case of dual connectivity scenario, as well as standalone small cell on/off scenario. In our understanding, due to non-ideal backhaul latency between MeNB and SeNB in dual connectivity scenario, schemes involving cross cell signaling (based on CA activation/deactivation like signaling, or new L1 procedure signaling) are not suitable. The CDRX based schemes seems a good candidate for PSCell. If this solution is down-selected by RAN1, it may be needed to discuss further details in RAN2. Indeed, predefined rules would be needed to relate in a robust way the UE DRX off time with the small cell off state. 
Observation 4: CDRX based scheme seems interesting especially for dual connectivity PSCell on/off, and may be further discussed in RAN2 if down selected by RAN1.
4. Conclusion 
In this contribution, we have analyzed possible impacts on RAN2 related to small cell on/off and discovery, and derived the following observations and proposals:
Observation 1: CRS-based measurements shall be used for cell association purpose. CSI-RS based measurements shall not be used for this purpose.
Observation 2: In case of shared cell-ID scenario, CSI-RS based measurements can be used as an indication of which CSI-RS resources should be configured to the UE for CSI feedback.

Observation 3: Depending of the on/off schemes supported, it may be beneficial to signal the possible absence of legacy signals separately from the signaling of DRS presence. 

Observation 4: CDRX based scheme seems interesting especially for dual connectivity PSCell on/off, and may be further discussed in RAN2 if down selected by RAN1.

Proposal 1: In case of legacy and on/off cells on the same frequency layer, legacy cells can be measured in DRS (as on/off cells). There is no need for additional signaling to indicate which ones are legacy (or on/off) cells.

Proposal 2: Agree that semi-static small cell on/off can be supported, with no further impact in RAN2 in addition to DRS based RRM procedures.
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