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1. Introduction
In RAN#76 [1], the following has been agreed regarding CSI measurement and reporting in TDD eIMTA:

· For CSI measurements for transmission modes 1-9 for both non-CA and CA cases:
· The two agreements on CSI measurement “only within DL/S SFs indicated by the L1 signaling if a valid one is detected” and “only within DL/S SFs indicated by SIB1 if a valid one is not detected” will be captured in the specification

· For CSI measurements for all transmission modes for both non-CA and CA cases:

· The subframe sets for CSI measurements can be configured per CC, and if so, they are semi-statically configured per CC

· For aperiodic CSI reporting in transmission mode 1~9 for a single serving cell, only CSI for one subframe set is reported in any subframe
· The configuration of periodic CSI is such that the set of subframes for periodic CSI reporting are only in uplink subframes based on the DL HARQ reference uplink-downlink configuration configured for the UE. 

In this contribution, we discuss the remaining details of CSI measurement and related reporting schemes in TDD eIMTA especially on the valid reference resource for CSI measurement and reporting. 
2. Discussion
2.1. Periodic CSI measurement and reporting
During the email discussion of [76-05] the following working assumption was agreed:
· For UEs configured with eIMTA, for periodic CSI report in subframe n, the corresponding CSI reference resource is determined by the existing definition for TM 1 – 10 (in TS36.213 section 7.2.3), with the following additions:
· If the eIMTA UE receives a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the indicated UL-DL configuration in the radio frame can be valid CSI reference resources
· If the eIMTA UE does not receive a valid UL-DL configuration for a radio frame via a reconfiguration DCI, the DL and special subframes according to the SIB-1 UL-DL configuration in the radio frame can be valid CSI reference resources
· FFS if the eIMTA UE can omit reporting the periodic CSI or report OOR under certain conditions, and the corresponding conditions are also FFS
The above means that the eIMTA enabled UE is required to determine a valid reference resource per reconfiguration periodicity and update the valid reference resource in the next reconfiguration period depending on whether the UE receives the reconfiguration DCI correctly or not. In other words, the reference resource for periodic CSI reporting in TDD eIMTA will be dynamically changed based on the received TDD UL-DL configuration, which breaks the current principle for resource reference determination for periodic CSI reporting and causes extra complexity and unnecessary extra power consumption to the UE. Firstly, the UE is required to update the valid reference resource and store CSI measurement on a periodicity potentially much faster than the configured reporting periodicity. Figure 1 shows one example of 20ms reconfiguration periodicity where eIMTA UE is required to measure CSI on a 10ms periodicity although it is configured with a reporting periodicity of 20ms. This is because UE cannot know the dynamic configuration for determining the valid reference resource for next CSI reporting and has to store the CSI measurement samples for every valid reference resource per radio frame. It shall be noted that CSI measurement based on the hypothesized reference resource will not be reported when there is a valid reference resource as determined by dynamic configuration for next CSI reporting.
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Figure 1. Periodic CSI measurement and reporting for eIMTA with dynamic reference resource

In another example, if the reconfiguration periodicity is 10ms using reconfiguration DCI in subframe #0 to indicate dynamic TDD UL-DL configuration and eNB configures subframe #7 for periodic CSI reporting, the UE is required to store two CSI measurement samples per radio frame, e.g. subframe #3 and #9 for each CSI reporting as shown in Figure 2, where subframe #9 is hypothesized reference resource in case subframe #3 of next radio frame is a UL subframe as indicated by reconfiguration DCI in subframe #0 of every frame. 
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Figure 2. Periodic CSI measurement and reporting for eIMTA with dynamic reference resource

Secondly, if UE is under fallback to the SIB1 configuration for a long time and the latest valid reference resource for CSI reporting could be very far away from the reporting uplink subframe. In such case, the CSI measurement based on a large delay reference resource is outdated and it is not reasonable to use a precise reference resource, since it anyhow cannot give any useful information to the eNB scheduler.

From the above discussion the dynamic reference resource not only increases UE’s implementation complexity but also power consumption since UE is required to measure multiple hypothesized reference resources which may not be used for CSI reporting. To solve this issue, one solution is to allow UE to omit the CSI reporting when the valid reference resource is changed from that of the previous CSI reporting. As for the above example in Figure 1, the reference resource for the 3rd CSI reporting is different from that of the 2nd CSI reporting due to change of dynamic configuration and therefore the eIMTA UE could omit the CSI reporting rather than reporting an outdated CSI measured in subframe #9 of the previous frame. For the 4th periodic CSI reporting, if the dynamic configuration is not changed the UE will report the CSI using the same valid reference resource as that of the 3rd CSI reporting.
The proposed solution has minimum impact on eIMTA performance since the CSI reporting is omitted only on the reconfiguration boundary when dynamic UL-DL configuration is changed. As shown in [2], even with reconfiguration time scale of 10ms, the period of system staying in one configuration is typically much longer than the frame period. For example, with the assumption of packet size of 2MB more than 80% of reconfiguration interval is no less than 100ms. Therefore, the impact of omitting CSI report due to boundary effect is quite limited. 
The proposed solution could also be used to resolve the CSI reporting for the subframe set that UE has no information in case it misses the reconfiguration DCI or the actual configuration indicated by the reconfiguration DCI is the same as the SIB1 UL-DL configuration. In such case, the valid reference resource for the associated subframe set does not exist and therefore UE can omit reporting the periodic CSI until a valid reference resource is found. Note that the eNB is not required to perform DTX detection for the omitted CSI reporting since both eNB and UE has same understanding of the valid reference resource and when UE could omit the CSI reporting 
Proposal 1: The eIMTA UE can omit reporting the periodic CSI if the valid reference resource is changed from previous CSI reporting by the reconfiguration DCI or there is no valid reference resource as determined from the actually used UL-DL configuration. 

2.2. Aperiodic CSI measurement and reporting in TM 1-9
For TM1-9, the interference is measured using CRS, while channel measurement is done either on CRS or CSI-RS depending on TM. For CSI reporting of two subframe sets in TDD eIMTA, the channel measurement can be done on fixed DL subframes while interference measurement is required to be conducted on both fixed and flexible subframes. In TDD eIMTA, when receiving the A-CSI trigger UE needs to firstly determine the associated subframe set for CSI reporting and then find the valid reference resource for CSI measurement. According to the previous discussion in [3], there are several alternatives to solve the first issue, such as using dynamic indication in DCI format or the RRC configured bitmap for association of the subframe set to the triggering PDCCH subframe or the CSI reporting subframe. 

For the second issue, however, it is noted that there is probably no valid reference resource between the CSI request DL subframe and the CSI reporting subframe for the determined subframe set. For example, CSI request DL subframe is sent in subframe #0 to request CSI reporting in subframe #4 but subframe #0 is not an element of the associated CSI reporting subframe set. 
To solve the above issue, a solution is proposed to request UE to measure in advance and buffer the CSI samples in every valid DL subframe. In other words, the CSI reference resource for aperiodic CSI report can be in a valid downlink subframe earlier than the CSI request DL subframe. However, this proposal violates the current principle for reference resource for aperiodic CSI reporting. As shown in Figure 3, it is not necessary for using a valid reference resource earlier than the triggering PDCCH subframe. With proper eNB implementation shown in the bottom figure, the same CSI measurement can be achieved and reported if the eNB sends the CSI request in DL subframe earlier before the measurement subframe candidates. 
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Figure 3. Illustration of reference resource for A-CSI reporting (Top: valid reference source earlier than CSI request subframe; Bottom: valid reference no earlier than CSI request DL subframes)

It can be seen that for dynamic configuration of 1, 3, and 6, using the above implementation method there is no difference with and without the limitation of valid CSI reference resource before the CSI request DL subframe. When dynamic configuration is 2, 4 and 5, there are less UL subframes for CSI reporting and thus the available subframes for CSI measurement could be limited when the valid reference resource is restricted to subframes not earlier than CSI request subframe. For example, if the flexible subframe set (e.g. 2nd CSI subframe set) includes only subframe #3 and #4 then it is impossible to trigger CSI reporting for the second subframe set when dynamic configuration is changed to a DL heavy configuration of 2 or 4. However, the CSI measurement only in subframe #3 and #4 is necessary for the case when the neighboring cell is in configuration 3 while the serving cell is in configuration 5. The probability for such coincidence is pretty low especially when the neighboring cell is configured with DL HARQ reference configuration 5. In general, the configuration of the second CSI measurement subframe set would not include only subframe #3 and #4 which definitely would limit the applicability of the reported CSI to few DL subframes. 
During the email discussion of [76-02], there is also a concern whether the constraint of valid reference resource would have impact on the selection of the alternatives for aperiodic CSI reporting. In other words, for Alt 1 and Alt 2 there are restricted CSI request DL subframes or restricted UL subframes for aperiodic CSI reporting. Is it still possible for Alt 1 or Alt 2 to support aperiodic CSI reporting of two subframe set with the constraint for valid reference resource? Since it has been agreed that for both Alt 1 and Alt 2 the bitmap setting for the association of CSI subframe set is at least 2 radio frames, there is lots of flexibility to configure the bitmap setting. As one example given for Alt 1 in Figure 3 below, the bit value of 0 and 1 are used to indicate subset of CSI request DL subframes for triggering aperiodic CSI reporting for the first and second subframe set separately. As a consequence, there is at least one opportunity to trigger aperiodic CSI reporting for the second subframe set per radio frame when dynamic configuration is not configuration 5. If more CSI opportunities are required for the second subframe set then more value of 1 can be set within the bitmap. Similarly, Alt 2 can work well with the constraint for the valid reference resource for aperiodic CSI reporting. 
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Figure 3. An example of aperiodic CSI report triggering for two CSI subframe sets with Alt 1

On the other hand, if it is allowed to use a reference resource preceding the triggering subframe for aperiodic CSI reporting, the eNB may have more flexibility to trigger the aperiodic CSI reporting for the second subframe set, but this is at the price of increased complexity to UE, e.g. requiring to measure and store the CSI samples in every valid DL subframe. It is noted that for UEs configured with TM10 and multiple CSI processes, the CSI reference resource can occur before the aperiodic CSI triggering according to the current specification. However, in TM 1-9 the CSI report is using CRS-based interference estimation and there is a large degree of complexity difference between storing and processing CRS samples compared to CSI-IM samples. For CSI-IM based interference measurement, the UE only needs to square, sum and store samples, but for CRS based interference measurement, UE would have to either store large number of high resolution IQ-samples or go through the FFT-based processing, e.g. subtract the CRS channel estimate from the CRS REs and store the remainders. Although according to the current specification the CRS based channel estimation is done in every non-DRX subframe for UE to perform PDCCH decoding, the interference estimation in the PDCCH region is typically different from that measured in PDSCH data region especially when neighboring cell exploits advanced transmission schemes such as beamforming. To provide sufficiently accurate CSI measurement, UE would use all the CRS samples per subframe if the subframe is not MBSFN subframe, which is costly since there are 1600 CRS samples for 20MHZ bandwidth across four OFDM symbols for two antenna port cell configuration. Therefore, moving CSI reference resource to a subframe earlier than the triggering subframe would greatly increase UE’s processing complexity and more seriously result in unnecessary power consumption. Another impact is that if CDRX is used, UE will be required to pre-wake up to measure and store the CSI samples for the on-demand processing. For example, as shown in Figure 4 reconfiguration periodicity is 40ms and UE wakes up every 20ms of DRX periodicity, assuming during the first DRX periodicity UE receives the dynamic configuration for next reconfiguration period, e.g. the second DRX periodicity, UE may need to pre-wake up for CSI measurement in case it receives a command for CSI reporting for the second subframe set during DRX active time. Definitely it is because the valid reference resource can be earlier than the triggering subframe. If so the power saving from DRX will be greatly reduced in TDD eIMTA. 
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Figure 4. Aperiodic CSI reporting with valid reference resource earlier than triggering subframe for UE in DRX

From the above discussion it can be concluded that for a UE configured in TM 1-9 and TDD eIMTA there is no need to move the CSI reference resource to a subframe earlier than the triggering subframe for aperiodic CSI reporting which may cause serious power consumption issue. It is important to maintain the existing rule that aperiodic CSI report in TM 1-9 should not use a reference resource preceding the triggering subframe. 

Proposal 2: For a UE configured in TM 1-9 and TDD eIMTA, the CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger, and corresponding to the triggered CSI subframe set. 

2.2.1. Aperiodic CSI measurement and reporting for TM10
For TM10, the interference measurement is based on CSI-IM resource. In current specification, the CSI-IM resource configuration is restricted to be always a subset of resource elements configured as zero power CSI-RS. This restriction makes it difficult to support two CSI measurement subframe sets since the interval between the fixed DL subframe and flexible DL subframe is not an integer multiple of 5ms. Therefore, it needs to be discussed how to solve this issue.
In email discussion of [76-03], the following working assumption was agreed:

· The restriction is removed for all downlink subframes at least for eIMTA-enabled UEs
· FFS whether it is removed for eIMTA-capable but non-eIMTA-enabled UEs
The main argument for removing the constraint in SIB1 configured DL subframes is the case where the neighboring cell uses a different SIB1 configuration as the serving cell, such as a serving cell’s SIB1 configuration is #1 and the neighboring cell’s SIB1 configuration is #0. In such case, the interference in all fixed DL subframes is quite different, e.g. some subframes having only DL-to-DL inference and some with both DL-to-DL and UL-to-DL interference so the serving cell could configure two CSI-IM resources in fixed DL subframes for the eIMTA enabled UE for two subframe set CSI reporting. However, it is noted that only the eIMTA UE can benefit from the configuration of two CSI-IM resources in fixed DL subframes and for the legacy UE not supporting two subframe set CSI reporting the interference measurement is still based on the single CSI-IM resource of 5ms periodicity. Furthermore, if the neighboring cell changes the SIB1 configuration to a more DL heavy configuration due to the traffic of non-eIMTA capable UE, the configuration of two CSI-IM resources in fixed DL subframes in the serving cell is not needed for the eIMTA enabled UE. Therefore, if the target is to optimize the performance of the eIMTA configured UE the straightforward solution is to use same SIB1 configuration and different dynamic configuration as the neighboring cell. With this solution, there is no need to remove the constraint of CSI-IM resource in the fixed DL subframes.  
On the other hand, if the CSI-IM restriction is removed in the fixed DL subframes there is non-ignorable impact on the legacy UEs since they are not aware of the second CSI-IM resource in fixed DL subframes. Although it is claimed that proper eNB implementation will not cause this problem, this would add unnecessary scheduling restriction to the eNB, e.g. to avoid scheduling the legacy UE in the configured subframes for the second CSI-IM resource. In addition, if the legacy UE is configured with EPDCCH resources then the same subframe cannot be configured for the second CSI-IM resource for the eIMTA enabled UE. This may add unnecessary consistency check when the eNB configures EPDCCH subframes for the legacy UE and CSI-IM resources for the eIMTA enabled UE. In any case if eNB does not perform the scheduling constraint the legacy UE will observe puncturing impact for its EPDCCH and PDSCH operation if there is collision with the configured second CSI-IM resource for the eIMTA enabled UE. 
Therefore, the above working assumption should be revised as the following: 

Proposal 3: The restriction defined in 36.213 applies only to the CSI-IM resources occurring in downlink subframes designated in SystemInformationBlockType1or tdd-Config-r10
3. Conclusions

In this contribution, we discussed the remaining details of CSI measurement and reporting in TDD eIMTA. In particular, we propose:
Proposal 1: The eIMTA UE can omit reporting the periodic CSI if the valid reference resource is changed by the reconfiguration DCI or there is no valid reference resource as determined from current UL-DL configuration. 

Proposal 2: For a UE configured in TM 1-9 and TDD eIMTA, the CSI reference resource is the valid DL subframe in the latest subframe no later than subframe n-4 and no earlier than the subframe containing the aperiodic CSI trigger, and corresponding to the triggered CSI subframe set. 
Proposal 3: The restriction defined in 36.213 applies only to the CSI-IM resources occurring in downlink subframes designated in SystemInformationBlockType1or tdd-Config-r10
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