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1 Introduction 

In RAN1#74, for the DL CSI measurement for TDD eIMTA, the following agreements were reached:

· In DL, up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 

· FFS if applicability of this in different CSI reporting modes and/or transmission modes

It has been further agreed in RAN1#75 that:
Agreement:

· When a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration
· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, the UE shall measure CSI only within the subframes indicated as DL subframe or special subframe by SIB configuration

· Aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s)
After intensive discussion prior to and during RAN1 #75, an email discussion [75-37] DL aperiodic CSI measurement and reporting for TDD eIMTA followed and companies provided their views. In this contribution we further explain our views on the related topics.
2 Signaling of CSI measurement subframe pattern

In LTE-TDD eIMTA systems, different DL subframes in a cell may experience different levels/types of inter-cell interference, depending on the UL-DL configurations used by the serving cell and the neighboring cells. In the DL subframes that are also DL subframes in all the neighboring cells, there is only DL-to-DL (or eNB-to-UE) interference. In the DL subframes that are UL subframes in one or more of the neighboring cells, there is also UL-to-DL (or UE-to-UE) interference. It has been agreed in RAN #74 that up to two subframe sets can be UE-specifically signaled (per serving cell) to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe. Ideally it would be desirable to divide the subframes into two sets based on the instantaneous interference condition, thus the idea of using the dynamic signaling [5] to indicate the two subframe sets. However, in practice, it would be very difficult, if feasible at all, to track the up-to-date UL-DL configuration of all the neighboring cells with dynamic reconfiguration as fast as every 10 ms. Moreover, the interference measurement is typically supposed to be averaged over a certain period of time to have any statistical meaning. Therefore, a more practical (and simpler) way is e.g. to divide the DL subframes into two subframe sets based on semi-static information such as the SIB1 configuration and DL HARQ reference configuration of its own and possibly that of the neighbors.
Proposal 1: Semi-static configuration of the CSI subframe pattern is supported in TDD eIMTA.

3 CSI measurement and aperiodic report in TM10
For the CSI measurement for the two subframe sets in eIMTA, the UE shall measure CSI in DL or S subframes indicated by explicit L1 signalling of reconfiguration (or SIB1 if L1 reconfiguration signaling is not received). There can be two alternatives to define the CSI process(es) for the two subframe sets:

· Alt 1: there is one CSI process with two different CSI-IM resources configured.

· Alt 2: there are two separate CSI processes for the two subframe sets.
From specification impact point of view,

· Alt 1 requires a new definition for CSI process, while Alt 2 can reuse the existing definition and most of the existing signaling mechanism, which would have less specification impact.

From the UE complexity point of view, 
· There is no fundamental difference between the two alternatives because the interference measurement would need to be performed separately for each subframe set in any case. One minor difference is that with Alt 1, the UE only needs to measure the channel once while for Alt 2, the UE may need to measure the channel twice. However, if this is the concern, it can be addressed by adding a constraint for eIMTA that the CSI-RS resource must be the same for the two processes corresponding to the two subframe sets.

· Implementation-wise, with Alt 2, the UE can reuse the design for TM10.

Given these considerations, we propose to adopt Alt 2. 

Proposal 2: For TM10, two CSI processes are configured for two subframe subsets.  

With this proposal, each subframe set corresponds to a CSI process, so it is natural to reuse the existing triggering and reporting mechanism for multiple CSI processes.
Proposal 3: For TM10, the existing specifications are reused for the triggering and reporting of aperiodic CSI for two subframe subsets (two CSI processes). That is, the 2-bit CSI request field in UL grant determines the CSI process(es), and serving cell(s) (if CA is configured), to be reported, and higher layer signaling configures the meaning of each state of the CSI request field (no additional bits).
4 Aperiodic report in TM1-9
In the existing eICIC mechanism, aperiodic CSI for only one subframe set can be triggered at a time. For aperiodic CSI report in eIMTA, 
· We think it is important that CSI for both measurement subframe sets can be reported at the same time. This can avoid the additional overhead caused by using two UL grants in order to obtain CSI for two sets.
· We would also like to avoid the schemes that put constraint on the UL scheduling in order to obtain CSI report for a particular set.
· A simple way could be to require the UE to always report CSI for both sets, which may not be necessary all the time.

Therefore, some kind of configurability in terms of what is reported would provide good tradeoff between flexibility and overhead.

When eIMTA is used together with CA and/or CoMP, the 2-bit CSI request field already exists. A straightforward way is to reuse these 2 bits and use higher layer signaling to define the corresponding measurement set(s)/serving cell(s)/CSI process(es) for each CSI state.
Proposal 4: For TM1-9, in case that 2-bit CSI request field already exists in UL grant, these 2 bits determine the CSI measurement subframe set(s)/serving cell(s)/CSI process(es) to be reported, and higher layer signaling configures the meaning of each state of the CSI request field (no additional bits).
For single-carrier case, the CSI request field in UL grant is only 1 bit with existing specifications. Although it may not be completely necessary, it would be good to align the solution with the previous two cases, that is, using 2-bit CSI request field to indicate the subframe set. This would actually give the entire flexibility in terms of which subframe set(s) to request. The cost would be one additional bit in DCI. Note that this only applies to UE-specific search space. For common search space, the existing 1-bit CSI request field and its meaning can be kept unchanged.
Proposal 5: For TM1-9, in case that 1-bit CSI request field currently exists in UL grant in UE-specific search space, an additional bit is added so that 2 bits are used to determine the CSI measurement subframe set(s) to be reported.
If one additional bit is considered not acceptable, we could also have the UE report for both sets whenever the CSI request field is set to 1.
5 Conclusions 
In this contribution, we have discussed the signaling of CSI subframe pattern, and the CSI measurement and report for the two CSI subframe sets. The following are proposed:
Proposal 1: Semi-static configuration of the CSI subframe pattern is supported in TDD eIMTA.

Proposal 2: For TM10, two CSI processes are configured for two subframe subsets.  

Proposal 3: For TM10, the existing specifications are reused for the triggering and reporting of aperiodic CSI for two subframe subsets (two CSI processes). That is, the 2-bit CSI request field in UL grant determines the CSI process(es), and serving cell(s) (if CA is configured), to be reported, and higher layer signaling configures the meaning of each state of the CSI request field (no additional bits).
Proposal 4: For TM1-9, in case that 2-bit CSI request field already exists in UL grant, these 2 bits determine the CSI measurement subframe set(s)/serving cell(s)/CSI process(es) to be reported, and higher layer signaling configures the meaning of each state of the CSI request field (no additional bits).
Proposal 5: For TM1-9, in case that 1-bit CSI request field currently exists in UL grant in UE-specific search space, an additional bit is added so that 2 bits are used to determine the CSI measurement subframe set(s) to be reported.
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