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1 Introduction
In RAN1 #77, numerous aspects of the design of the discovery signal were agreed. The gist of the agreements is summarized in the following. It was agreed that the UE can assume the presence of the PSS/SSS/CRS in the DRS and, in addition, CSI-RS if configured. RSRP measurements using both CRS and CSI-RS are supported. Support of RSRQ measurements on CRS, CSI-RS or both is still under discussion including in an email discussion that was inconclusive. It was also agreed that for DRS based measurements, the UE can only assume the presence of the DRS. A DRS occasion for a cell comprises five or less subframes which contain PSS, SSS and at least one port of CRS (transmitted in all DL and DwPTS subframe regions) and possibly multiple CSI-RS RE configurations. For the CSI-RS, at least a single antenna port 15 is supported, transmitted in one subframe of the DRS occasion. The relative subframe offset between the subframe carrying the CRS and the SSS can be varied. A DRS occasion for a cell is transmitted at least with periodicities of 40, 80 or 160 ms.
The following remaining questions need to be resolved.

1) Whether the number of subframes in a DRS occasion is fixed or configurable
2) Relationship to restricted measurement subframes
3) Use of antenna ports other than port 15 and the number of REs/PRB
4) Whether to allow CSI-RS in more than one subframe
5) Representation of transmission point (TP) ID
6) RRM measurement configuration
7) Network assistance for CSI-RS based measurements
8) RSSI definition for DRS based RSRQ measurements
9) The number of different DRS measurement timing configurations (DMTC) per UE

10) Level of synchronization between cells configured for DRS measurements on the same carrier frequency
In this document, we address issues 1-5. Issues 6, 9 and 10 are discussed in [1], issue 7 is addressed in [2] and issue 8 is discussed in [3].
2 Discussion

2.1 Configurability of Discovery Reference Signal Duration
We start by noting that for current RRM measurements, the UE already has to be able to rely only on one subframe per 5 ms period if TDD configuration 0 is to be supported. Also, the maximal MBSFN subframe configuration leaves mainly two subframes for measurement within a 5 ms period. Thus, in designing the duration of the DRS burst, it is not necessary to provide a duration of more than 1 or 2 subframes especially when the inter-DRS period is 40 or 80 ms which aligns with the currently allowed measurement gap periodicities. Even when the period is 160 ms or greater (if defined), the use of a higher measurement bandwidth can be used to compensate for the reduction of measurement opportunities in time. There may be some situations where the ability to perform measurements on DRS signals transmitted over a longer duration is useful. Furthermore, use of more than one subframe in the DRS occasion can be useful in increasing the reuse factor for CSI-RS based measurements. Therefore, in order to allow the DRS duration to be adjusted based on the deployment situation, it is preferable for the DRS duration to be configurable. Considering that the measurement gap duration is 6 ms, we propose the following.

Proposal: The DRS duration should be configurable in a range from 1 to 5 subframes. 

2.2 Antenna Ports and REs per PRB
When different transmission points (TPs) use the same configurable cell ID, the use of antenna port 16 in addition to port 15 allows a doubling of the number of such TPs that can transmit CSI-RS orthogonally. This can serve to improve the reuse factor for the CSI-RS thus improving TP identification as well as CSI-RS based RRM measurements. While the reuse factor can also be improved by using additional subframes, the gains from these two mechanisms are not mutually exclusive. Therefore, reuse factor can be increased by using both of these mechanisms. While the use of ports 15 and 16 from different TPs can lead to different Doppler shifts and spreads and consequently potential differences in the variations of the channel in time from the two TPs, this effect is likely to be quite small especially for small cell scenarios. Besides, the network always retains the flexibility of how ports are assigned so that port 16 is used only when the deployment scenario doesn’t prevent its use from being beneficial. We therefore propose the following.
Proposal: Use of antenna port 16 should be allowed in addition to the use of port 15 for CSI-RS based measurements and identification.

Each CRS port has 8 REs per PRB whereas the current CSI-RS definition uses only 2 REs per PRB. In interference limited scenarios, this is not an issue although in coverage limited scenarios, it could result in worse performance for CSI-RS based RSRP compared to CRS based RSRP measurements. However, if the power for the CSI-RS REs could be boosted to compensate for the fewer REs, then the coverage limited scenario will also not be disadvantaged. Such boosting should be possible if zero power CSI-RS are used for at least some of the other CSI-RS configurations occupying the same OFDM symbols. The use of zero power CSI-RS in the unused CSI-RS configurations within the DRS burst from a cell is central to be able to generate the reuse factors that make CSI-RSRP measurements worthwhile. Hence boosting the CSI-RS power in the DRS bursts should be feasible and 2 REs per PRB for the CSI-RS should be enough. 

Another aspect to consider is the comparability of CSI-RS based DRS measurements with legacy CRS based measurements or measurements based on CRS within the DRS. If the CSI-RS based measurements do need to be compared to these other types of measurements, then there may be some benefit in using 8 REs per PRB so as to avoid any relative biases between the distributions of the CRS based and CSI-RS based RSRP measurements depending on UE implementation. However, as discussed in [1], there may not be a need to compare disparate types of measurements and hence such relative biases should not cause a problem.
Proposal: Use 2 REs per PRB, as per the current definition, for CSI-RS in the DRS.
2.3 Number of Subframes with CSI-RS in DRS
The main benefit for CSI-RS based measurements comes from the ability to engineer orthogonality between different cells by using different RE configurations along with the use of zero power CSI-RS in the unused RE configurations. Given this, it would be counter-productive to transmit CSI-RS in multiple subframes from a cell since the presence of multiple subframes in the DRS can be used instead to increase the reuse factor. For instance, if subframe 5 provides 16 different orthogonal CSI-RS RE configurations (32 if port 16 is also considered), the use of an additional subframe (subframe 6), where the CSI-RS RE configuration can be chosen to be in one of the two subframes can provide an additional 20 configurations thus increasing the reuse factor to 36 (72 with use of port 16). This can provide a far greater benefit than using multiple subframes for the CSI-RS from a single cell in the dense small cell scenarios or shared cell scenarios that are the main focus for CSI-RS based measurements. 
Proposal: CSI-RS from a cell should be transmitted in only a single subframe within a DRS occasion.
2.4 Transmission Point Identity and Restricted Measurement Subframes
Since the use of port 16 is beneficial, the transmission point identity (TPID) should be based on CSI-RS RE configuration, configurable cell ID, subframe offset and the existing length 2 orthogonal cover code. 

Proposal: Transmission point identity (TPID) should be based on CSI-RS RE configuration, configurable cell ID, subframe offset and orthogonal cover code.

In the agreements following RAN1#77, it was stated that the UE may assume that all DL subframes and DwPTS regions of a subframe in a DRS occasion are available at least for CRS based measurements. The relationship of this to restricted measurement subframes was left for further discussion. When restricted measurement subframes are configured, it is reasonable that only these subframes that are also part of the DRS occasion should be used. It would be preferable for the DMTC to be aligned with the restricted measurement subframes, but this is something that the network can configure appropriately for efficient operation.
3 Conclusion
In this contribution, we discussed some of the remaining details pertaining to discovery signal design and made the following proposals.

Proposal: The DRS duration should be configurable in a range from 1 to 5 subframes.
Proposal: Use of antenna port 16 should be allowed in addition to the use of port 15 for CSI-RS based measurements and identification.
Proposal: Use 2 REs per PRB, as per the current definition, for CSI-RS in the DRS.
Proposal: CSI-RS from a cell should be transmitted in only a single subframe within a DRS occasion.
Proposal: Transmission point identity (TPID) should be based on CSI-RS RE configuration, configurable cell ID, subframe offset and orthogonal cover code.
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