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1. Introduction

In 3GPP RAN1 Session #77, there is significant progress related to DRS design for small cell and there are also further agreements in the following email discussion.  However, there are still remaining issues shown as follows for discussion in this meeting.
· Number of subframes in a DRS occasion
· Periodicity of DRS occasion
· UE assumption for transmission bandwidth of DRS for intra-frequency and inter-frequency
· Ports of CRS and CSI-RS in a DRS occasion

· NZP/ZP CSI-RS configuration in a DRS occasion

· DRS-based RSSI definition and RSRQ definition/support

· DRS-based CSI measurement

· Network assistance regarding DRS occasion 
In this paper, we provide our views on the above remaining issues regarding to DRS in the following sections.


2. Views on Remaining Details
In the following, we will discuss the remaining details of DRS design.
2.1 DRS transmission
Number of subframes in a DRS occasion
In RAN1#77, it has been agreed that a DRS occasion consist of one instance of PSS/SSS and CRS is transmitted in every subframe within the DRS occasion.  Furthermore, to facilitate cell/TP identification in dense small cell deployment, CSI-RS is transmitted in one subframe only within a DRS occasion to enable higher frequency reuse rate in both time and frequency domain.  More subframes for a DRS occasion are beneficial for cell detection and RRM measurement accuracy but it introduces higher physical-layer overhead and may prolong UE’s measurement time of inter-frequency measurements.  For sparse small cell deployment, single subframe for a DRS occasion may be sufficient due to less inter-cell interference.  For dense small cell deployment, multiple subframes for a DRS occasion may be necessary due to higher inter-cell interference.  As a result, we proposed to have a configurable length of a DRS occasion, ranging from 1 to 5 subframes to keep network flexibility for the environment adaptation.
Proposal #1:  The number of subframes in a DRS occasion is configurable, ranging from 1 to 5 subframes.
Periodicity of DRS occasion
Since DRS will be utilized for RRM measurement for small cells, the periodicity of DRS occasion is related to the update frequency of RRM measurement and the measurement gap configurations defined for inter-frequency measurements.  To reduce RAN4 works for testing case specification, existing measurement gap configurations are preferable to be supported for the periodicity of DRS occasion.  Since low-mobility UE is the main serving target for small cells, the update frequency of RRM measurement won’t be as high as macro cells and longer periodicity of DRS occasion, e.g. 160ms, can be considered to reduce UE power consumption for inter-frequency measurements.
Proposal #2:  The periodicity of DRS occasion is 40, 80 or 160 ms.
UE assumption for transmission bandwidth of DRS for intra-frequency and inter-frequency
In Release 11, for inter-frequency RRM measurement, UE may be agnostic to the channel bandwidth of the configured carrier frequency for the measurement and it can assume that the channel bandwidth is 6 PRBs in this case.  For intra-frequency RRM measurement, UE may assume same channel bandwidth for serving and neighboring cells or obtain the channel bandwidth information through MIB decoding.  Though the channel bandwidth utilized by small cells is larger than 5 MHz with high likelihood, from UE vender perspective, it is preferable to keep the same UE measurement assumption as legacy system unless RAN4 finds it difficult to achieve the RRM measurement performance requirement with 6 PRBs.
Proposal #3:  For intra-frequency and inter-frequency RRM measurement, UE may assume DRS transmission bandwidth as 6 PRBs unless RAN4 finds that there is difficulties to achieve the RRM measurement performance requirement with 6 PRBs.

Ports of CRS in a DRS occasion

From the previous study on RSRP measurement [1], CRS with port 0 is sufficient to meet the performance requirement of both cell detection rate and RSRP measurement accuracy for up to 3 small cells. If two or four port CRS is used in a dense small cell deployment, more CRS interference would be introduced and the performance would be degraded.  Therefore, it’s preferable to keep single CRS port within a DRS occasion.
Proposal #4:  The number of CRS ports within a DRS occasion is one.
2.2 CSI-RS configuration and CSI measurement
Ports of CSI-RS in a DRS occasion

For CSI-RS with port 15, there are 20 signal configurations in FDD. When ZP CSI-RS is used and the number of small cell is smaller than or equal to 20, there can be no CSI-RS interference. From the previous study on RSRP measurement with ten small cells [1], CSI-RS with port 15 is sufficient to meet the performance requirement of both cell detection rate and RSRP measurement accuracy for up to 3 small cells.  However, CSI measurement based on DRS is beneficial for small cell fast on/off operation so multiple CSI-RS ports for one eNB may be needed.  Though frequency-domain frequency reuse rate will decrease with more CSI-RS ports, time-domain frequency reuse can utilized for compensation.  Therefore, it’s preferable to make CSI-RS ports in a DRS occasion configurable, ranging from 1 to 8.
Proposal #5:  CSI-RS ports in a DRS occasion are configurable, ranging from 1 to 8.
NZP/ZP CSI-RS configuration in a DRS occasion
It was agreed that NZP CSI-RS exists in one subframe only within a DRS occasion, which may consists of multiple subframes.  To enable frequency reuse in both time and frequency domain, ZP CSI-RS configuration may be necessary in each subframe within a DRS occasion, depending on the target frequency reuse rate.  Therefore, DRS occasion configuration should be able to provide the subframe information for NZP/ZP CSI-RS, in addition to existing RE configurations.  For example, one subframe offset between SSS and NZP CSI-RS and multiple subframe offsets between SSS and ZP CSI-RS.
Proposal #6:  In addition to existing RE configurations, the network should be able to provide the information of one subframe offset between SSS and NZP CSI-RS and at least one subframe offset between SSS and ZP CSI-RS to a UE if CSI-RS is configured for DRS.
DRS-based CSI measurement
For reduced transition time in small cell on/off operation, CSI measurement based on DRS is beneficial for reduced latency of first downlink scheduling for data packets.  This is because conservative MCS for downlink scheduling of data packets after small cell just turns on could degrade system performance due to higher inter-cell interference caused by prolonged transmission.  As shown in Figure 1, without CSI reference in the first 10ms downlink scheduling (assuming 10ms CSI latency) after small cell just turns on, a data packet which requires 100ms transmission with CSI information originally may require 109ms transmission instead (assuming conservative MCS is 90% less efficient than correct MCS in resource utilization) and inter-cell interference would be higher due to at least 9% increase of average resource utilization rate.  To provide sufficiently accurate CSI measurement, fine time/frequency synchronization is beneficial and CRS within a DRS occasion can serve well.  Considering average DRS-based CSI latency, i.e. half DRS transmission periodicity, high-rank and narrow-band CSI as well as PMI provide no information for a UE.  From our views, DRS-based rank-1 and rank-2 wideband CQI should be sufficient to support fast small cell on/off operation.
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Figure 1.  Example illustration of small cell on/off operation with/without CSI information

Proposal #7:  DRS-based CSI measurement is beneficial for small cell fast on/off operation and RI and CQI measurements are sufficient.
2.3 Network assistance
Based on the discussion in previous subsections, required network assistance for DRS occasion is summarized as follows.

· A list of candidate cells/TPs for detection and measurement, e.g. cell IDs, virtual cell IDs
· Subframe length of a DRS occasion for the corresponding cell
· Periodicity of a DRS occasion for the corresponding cell
· Ports, RE configuration and subframe offset related to SSS of NZP CSI-RS (only one configuration for one cell) for the corresponding cell/TP
· RE configuration and subframe offset related to SSS of ZP CSI-RS (there may be multiple configurations for one cell) for the corresponding cell/TP
· Scrambling identity of PSS/SSS/CRS for the corresponding cell
· Scrambling identify of NZP CSI-RS for the corresponding cell/TP
· MBSFN subframe configuration for the corresponding cell

· UL/DL configuration for the corresponding cell

· RRM measurement/reporting configuration, e.g. measurement gap for inter-frequency measurement
· CSI measurement/reporting configuration, e.g. RI/CQI



3. Conclusion
In this paper, we provide our views on the remaining details for DRS and a summary of required network assistance based on our views.  Proposals are summarized as follows.
Proposal #1:  The number of subframes in a DRS occasion is configurable, ranging from 1 to 5 subframes.
Proposal #2:  The periodicity of DRS occasion is 40, 80 or 160 ms.
Proposal #3:  For intra-frequency and inter-frequency RRM measurement, UE may assume DRS transmission bandwidth as 6 PRBs unless RAN4 finds that there is difficulties to achieve the RRM measurement performance requirement with 6 PRBs.

Proposal #4:  The number of CRS ports within a DRS occasion is one.
Proposal #5:  CSI-RS ports in a DRS occasion are configurable, ranging from 1 to 8.

Proposal #6:  In addition to existing RE configurations, the network should be able to provide the information of one subframe offset between SSS and NZP CSI-RS and at least one subframe offset between SSS and ZP CSI-RS to a UE if CSI-RS is configured for DRS.

Proposal #7:  DRS-based CSI measurement is beneficial for small cell fast on/off operation and RI and CQI measurements are sufficient.
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