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Introduction
In RAN1 #82bis, it was agreed to support CSI-RS transmission in DwPTS for FD-MIMO enhancements. Both ZP and NZP CSI-RS will be supported, including 2/4/8/12/16 ports for the NZP CSI-RS configuration [1]. However, all the details of CSI-RS configuration remains FFS. In this contribution, we show our preferences on the design of CSI-RS resources in the DwPTS.

Discussion
The most straightforward solution to introduce CSI-RS in the DwPTS is to reuse the legacy CSI-RS configurations for 2/4/8 ports defined in TS 36.211. In this case, the sets of valid REs for special subframe configurations 3, 4, 8 and configurations 1, 2, 6, 7 are illustrated in Figure 1(a) and Figure 1(b), respectively. Up to 16 ports can be configured for special subframe configurations 3/4/8 and up to 8 ports can be configured for special subframe configurations 1/2/6/7. This scheme has minimal specification impact, however, the resource reuse factor within one subframe is too small even for small number of ports and it still has a problem that 12/16 ports CSI-RS is difficult to be allocated in some TDD configurations. Therefore, in our view, reusing the legacy CSI-RS configurations is not sufficient and new CSI-RS design is needed for the DwPTS.
Proposal 1: Introduce new CSI-RS configurations to support CSI-RS in the DwPTS.



[bookmark: _Ref434422763]Figure 1. Set of valid REs for DwPTS with legacy CSI-RS configurations

Special subframe configurations 3, 4, 8 (11 or 12 symbols)
In this case, the 24 REs in OFDM symbol 5, 6 in the first slot as well as the 8 REs in OFDM symbol 2, 3 in the second slot (depicted in Figure 2) can be used for CSI-RS. This is referred to as Alternative 1. The REs in OFDM symbol 2, 3 in the first slot is not preferred since the PSS is transmitted at center 6 or 7 PRBs in the third OFDM symbol of the first slot. Using Alternative 1, we have total 32 REs, which ensure 2/4/8/12/16 ports CSI-RS configurations with reuse factor of two in the case of 12/16 ports.


[bookmark: _Ref434444590]Figure 2. Candidate REs for configurations 3, 4, 8 (Alternative 1)
For the design of CSI-RS resources, we discuss the 8 ports case only since the 2/4 ports CSI-RS resources can be easily obtained with the nested structure, and the 12/16 ports CSI-RS resources can be obtained using resource aggregation rules being introduced for normal subframes [2]. Figure 3 is an example of CSI-RS resource mapping for 8 ports based on the resource pool in Figure 2. Total four CSI-RS resources can be defined without overlapping of REs. Each CSI-RS resource can follow the legacy 8 ports CSI-RS pattern.


[bookmark: _Ref434446614]Figure 3. 8 ports CSI-RS resources for Alternative 1
Naturally, the numbering of the CSI-RS resource indices can be from 0 to 3. In this case, we see that placing the CSI-RS resources #1, #2, and #3 together in one OFDM symbol pair (OFDM symbol 5, 6 in the first slot) and the CSI-RS resource #0 in another OFDM symbol pair (OFDM symbol 2, 3 in the second slot) as in Figure 3 is beneficial for some situations. In TDD UL/DL configurations 3-5 where the UL/DL switching periodicity is 10ms, the eNB may desire to configure CSI-RS with 5ms periodicity using subframe 1 and subframe 6. In this case, since subframe 1 is the special subframe and subframe 6 is the normal subframe, a single CSI-RS configuration may apply for both the normal subframe and the special subframe. The CSI-RS resource indexing in Figure 3 guarantees that the distances among the CSI-RS ports in the normal subframe are similar or identical to the distances among the ports in the special subframe when 12/16 ports CSI-RS is configured. This ensures the similar channel estimation performance and/or CSI measurement accuracy between the normal and the special subframes. CSI-RS resource #0 can be replaced by CSI-RS resource #4 for better alignment. In that case, the numbering of the CSI-RS resource indices can be from 1 to 4.

Special subframe configurations 1, 2, 6, 7 (9 or 10 symbols)
In configurations 1 and 6, there is no clean (or empty) adjacent OFDM symbol pair, i.e. every OFDM symbol except the last OFDM symbol in the data region includes either CRS or DMRS, which makes the CSI-RS design difficult. One simple solution is to utilize the 8 REs in OFDM symbol 5, 6 in the first slot as already shown in Figure 1(b). However, considering the muting and the IMR configurations as well, this option has large limitation. Also, we note that the main motivation of CSI-RS in the DwPTS is to secure additional resources available for 12/16 ports CSI-RS configuration targeting some UL/DL configurations with lack of downlink subframes. Considering that the 9 or 10 symbol DwPTS can be more frequently used than 11 or 12 symbol DwPTS in some TDD FD-MIMO cells using the extended UpPTS, we need to find additional REs in these special subframe configurations.
Figure 4 shows one candidate for the extended CSI-RS resource pool. The resource pool includes additional REs in OFDM symbol 0, 1 in the second slot which contains or may contain CRS REs. Total 16 REs excluding the CRS REs within these two OFDM symbols can be used, and the positions of the CSI-RS REs can be determined depending on the CRS frequency shift. Up to two 8 ports CSI-RS resources can be assigned in this region as illustrated in Figure 4 (where CSI-RS resources #1 and #2 are assumed). When CRS shift is 1, a slightly different pattern for 8 ports CSI-RS can be applied to maintain the same reuse factor. If introducing any modified CSI-RS pattern is not preferred, picking up a smaller number of REs for the CSI-RS purpose in this OFDM symbol pair, e.g. 8 REs instead of 16 REs, may avoid this. This scheme is referred to as Alternative 2. Based on this scheme, the CRS and the CSI-RS can interfere to each other, which may impact on the RRM measurement and the CSI measurement. However, we believe that well designed CRS and CSI-RS virtualizations can handle this type of interference. For UE-specific beamformed CSI-RS, CSI-RS-to-CRS interference can be largely fluctuated. However, it seems very similar to the data signals-to-CRS interference which is an already existing one.


[bookmark: _Ref434449968]Figure 4. Candidate REs for configurations 1, 2, 6, 7 (Alternative 2)
Another way of using the REs in OFDM symbol 0 and 1 in the second slot is to define 8 ports CSI-RS resources with partial overlapping. For example, 5 different 8 ports CSI-RS resources shown in Figure 5 can be defined in this region. Then, the eNB can choose proper CSI-RS resource(s) which does not overlap with the CRS REs. This scheme is referred to as Alternative 3.


[bookmark: _Ref434484145]Figure 5. Candidate REs for configurations 1, 2, 6, 7 (Alternative 3)
Alternatives 2 and 3 can also be applied to the DwPTS with special subframe configurations 3, 4, 8. The CSI-RS REs in OFDM symbol 0, 1 in the second slot can be used together with CSI-RS REs in other symbols, from which the resource reuse factor can be further increased. Also, this approach can be applied to the DwPTS with special subframe configuration 9, where OFDM symbol 4, 5 in the first slot can be used instead in the same way.

An alternative scheme – CSI-RS using extended DwPTS
In the last meeting, it was agreed to introduce extended UpPTS for SRS capacity improvement. Similar to this, in purpose of CSI-RS capacity improvement, DwPTS can be extended. This scheme is referred to as Alternative 4. Figure 6 illustrates an example of the special subframe structure including the extended DwPTS. Special subframe configuration 1 and the extended DwPTS with two consecutive OFDM symbols are assumed.


[bookmark: _Ref434533625]Figure 6. Extended DwPTS
For simplicity, extended DwPTS can be used for CSI-RS only. Then, the OFDM symbols in the extended DwPTS are clean, which makes it easy to define CSI-RS resources in there. Similar to the extended UpPTS, the length of the extended DwPTS can be a multiple of two. This is beneficial when the legacy CSI-RS patterns based on CDM-T are reused. Extended DwPTS can be configured by RRC signalling for Rel-13 FD-MIMO UEs, from which these additional symbols can be configured only when needed.
Proposal 2: Discuss Alternatives 1-3 for the CSI-RS design in DwPTS. If the RRC parameter list can be updated during the meeting, add Alternative 4 on the table.

Conclusion
In this contribution, we have discussed the CSI-RS design for DwPTS in TDD special subframe. Based on our discussions, we suggest the following proposals:
Proposal 1: Introduce new CSI-RS configurations to support CSI-RS in the DwPTS.
[bookmark: _GoBack]Proposal 2: Discuss Alternatives 1-3 for the CSI-RS design in DwPTS. If the RRC parameter list can be updated during the meeting, add Alternative 4 on the table.
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