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1 Introduction

The WI of further enhancements to LTE-TDD for DL-UL interference management and traffic adaptation was started up at RAN1#72. One of the objectives is to agree on the supported time scale together with the necessary signalling mechanisms and specify necessary enhancements (if any) related to HARQ/scheduling timeline, RLM/RRM measurements and CSI reporting. In this contribution we discuss the CSI measurement issues for dynamic TDD. Other signaling related issues are addressed in our companion contribution [1].
2 Discussion
In dynamic TDD, different UL-DL configurations are adaptively selected based on the traffic situations in different cells. Regardless of what kind of time scale will be supported for dynamic TDD, there will be two types of subframes with different interference situations, static subframes and flexible subframes. The link directions of static subframes do not change over time while the link directions of the flexible subframes can be changed dynamically or semi-statically.  

2.1 Separate CSI measurements
For dynamic TDD capable UEs, downlink transmission could occur in both static downlink subframes and flexible subframes. Considering UE reception in the two types of subframes, the interference situation are different. In static downlink subframes, the inter-cell interference comes from the neighboring eNB(s) while in flexible subframes the inter-cell interference could either come from neighboring eNB(s) or certain UE(s) served by the neighboring eNB(s) who are currently scheduled with UL transmissions. To capture the different interference situations, separate CSI measurements could be considered for the two types of subframes so that DL scheduling as well as link adaptation can be properly performed. 
Observation: Separate CSI measurement for different types of subframes could be considered to for dynamic TDD.
2.2 Restrictions of CSI-IM configuration 

In order to have separate CSI measurements for the two types of subframes, either the restricted CSI measurement sets in eICIC or the multiple CSI processes in CoMP could be utilized. Note that the restricted CSI measurement sets could support single CSI process capable UEs. However, there are some restrictions in current CSI-IM configurations that make it difficult for both use cases. 
For a UE with single CSI process in TM10, the UE shall derive channel measurement based on the configured non-zero power CSI-RS and derive interference measurement based on the configured CSI-IM. With single CSI process, only one CSI-IM is configured and this CSI-IM resource configuration should be completely overlapping with one of the zero-power CSI-RS resource configurations according to the conclusion from CoMP. Note that there is one restriction with ZP CSI-RS configurations that they have a periodicity of multiple of 5ms. Therefore, it is not possible to have one CSI-IM resource covering both of the CSI measurement sets since the interval between the two types of subframes is not an integer multiple of 5ms as shown in Figure 2‑1. One simple solution is to introduce a new CSI-RS subframe configuration with 1ms periodicity. With the 1ms CSI-RS subframe configuration, the UE is able to report two CSI based on the CSI reference resources belonging to the two CSI measurement sets.
Proposal 1: Introduce a new CSI-RS subframe configuration with 1ms periodicity to support multiple CSI measurement sets for dynamic TDD. 
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Figure 2‑1 Separate CSI measurement sets configuration for dynamic TDD
Another way to have separate CSI measurements is to make use of multiple CSI processes in CoMP. In this case, the UE is configured with two CSI processes and reports multiple CSI reflecting different channel and interference conditions in the two types of subframes. 
For the channel part, the downlink transmit power could be different between the two types of subframes if downlink transmit power control is applied. This can well be captured by the parameter Pc that is associated with each CSI process. Therefore, the channel part can be measured based on one common NZP CSI-RS resource configured in the static DL subframes. 
For the interference part, it is natural to configure two CSI-IM resources in the two types of subframes so that different interference levels can be measured. However, according to the conclusion from CoMP discussion, there is one restriction of CSI-IM resource configuration that a UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-power CSI-RS resource configuration which can be configured for the UE. In another word, all CSI-IM resources for the UE must be configured in a way such that they fall on a k*5 ms time grid, where k is an integer and the smallest value of k is 1. As a result, it is not possible to configure two CSI-IM resources to capture the different interference levels since the interval between the two types of subframes is not an integer mutliple of 5ms. Therefore it is natual to remove such CSI-IM configuration restrictions so that the interference differences in dynamic TDD can be capatured. It should be further noted that this kind of restriction is artificial even in CoMP since the eNB could always configured CSI-IM resources in such a way [3].
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Figure 2‑2 Multiple CSI-IM resource configuration for dynamic TDD
Proposal 2: Remove the restriction of CSI-IM configurations where all CSI-IM resources must be covered by one ZP CSI-RS configuration. 
Another issue is how to support CSI measurement in fast physical layer signaling enabled dynamic TDD. The problem here is that when a UE is not scheduled, it will have no idea what the link direction is in the flexible subframes. If the link direction happens to be a downlink, the CSI measurement could be performed properly. However, if the link direction is an uplink, there will be a discrepancy component in the interference measurement since additional intra-cell interference from uplink transmissions will be included which actually should not since intra-cell interference will not exist (unless a false alarm happens which has a very low probability as discussed in [2]) when the flexible subframe is scheduled with downlink transmissions. However, it needs to be justified whether this is a problem in practice. If so one simple solution is to only perform CSI measurement when the UE is scheduled and this implies a small modification to the CSI reference resource definition. Moreover, if such scheme is deemed not to be sufficient, a signal could be considered to aid CSI measurement for these unknown subframes.

Observation: For CSI measurement within the flexible subframes, UE could only perform CSI measurement when it is scheduled with downlink transmissions.
3 Conclusion

In this contribution we discussed the CSI measurement for dynamic TDD. Based on the discussion, we have the following observation:

Observation: Separate CSI measurement for different types of subframes could be considered to for dynamic TDD.
To support separate CSI measurements, we have the following proposals:
Proposal 1: Introduce a new CSI-RS subframe configuration with 1ms periodicity to support multiple CSI measurement sets for dynamic TDD. 
Proposal 2: Remove the restriction of CSI-IM configurations where all CSI-IM resources must be covered by one ZP CSI-RS configuration.
 We observed that further optimization could be considered for CSI measurement: 
Observation: For CSI measurement within the flexible subframes, UE could only perform CSI measurement when it is scheduled with downlink transmissions.
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