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1 DL aperiodic CSI reporting for TMs 1 – 9
Companies are invited to provide inputs on the aperiodic CSI measurement and reporting mechanism for TDD eIMTA with two subframe sets, for TMs 1 – 9. Views on the following aspects are welcome:
· Q1: Are there any specification changes required for aperiodic CSI measurement for a serving cell, for a UE configured with TDD eIMTA and two subframe sets and TM 1 – 9 on the serving cell? If yes, provide the details.
· Q2: Are there any specification changes required for aperiodic CSI reporting, for a UE configured with a single serving cell and TDD eIMTA with two subframe sets and TMs 1 – 9? If yes, provide the details.
· Q3: Are there any specification changes required for aperiodic CSI reporting, for a UE configured with DL CA and TDD eIMTA, where the UE is configured with TM 1 – 9 for all serving cells and the UE is configured with TDD eIMTA with two subframe sets for at least one serving cell? If yes, provide the details.
Companies are encouraged to consider the prior email discussion summarized in R1-135054. Any clarification on the relevant proposals in R1-135054 is welcome.
	Company name
	Views

	LG
	Q1: Yes. 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” should be reflected in the specification (note that this is a general feature applied to both periodic and aperiodic CSI measurements). This can be implemented by modifying the definition of valid CSI reference resource in the CQI definition in 36.213. To be specific, the part “it is configured as a downlink subframe for that UE” can be clarified as in the example (subject to rewording) “when TDD eIMTA is configured, it is indicated as a downlink subframe by the UL-DL reconfiguration DCI if a valid UL-DL reconfiguration DCI is detected or it is indicated as a downlink subframe by SIB1 if a valid reconfiguration DCI is not detected.” A minor point is that “a downlink subframe” in the relevant sentence actually includes a special subframe, so a proper modification can be made together.
Q2: Yes. As “the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format” in the current specification, only the CSI for SIB1 DL/S SFs can be reported on the basis of following UL HARQ timeline in SIB1 configuration. We propose to adopt Alt 1-1 in R1-135054 which keeps the principle of aperiodic CSI report with two subframe sets (i.e., the location of CSI request indicates which subframe set to be reported). This alternative is beneficial in comparison to Alt 2 in that the flexibility of CSI triggering in CoMP and CA is not affected. This alternative can be implemented by giving an additional “aperiodic CSI (A-CSI) indication subframe set” configuration (e.g., a bitmap for SIB1 DL/S SFs) in addition to the existing CSI subframe set which can be regarded as “CSI measurement subframe set” in differentiation from the new subframe set configuration. CSI subframe set #0 (or #1) is reported if the CSI request is transmitted in A-CSI indication subframe set #0 (or #1). See the figure for an example. Some modification is need in the CQI definition in 36.213 as in the following example:

On the timing of reference resource => “where for aperiodic CSI reporting with the configuration of aperiodic CSI indication subframe set, nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe."
On the validity of reference resource => “A downlink subframe in a serving cell shall be considered to be valid if it is an element of the CSI subframe set linked to the aperiodic CSI indication subframe set that includes the downlink subframe with the corresponding CSI request in an uplink DCI format, when that UE is configured with aperiodic CSI indication subframe sets.”
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Q3: Yes. The method explained in Q2 can be applied for each cell indicated by the CSI request field in the corresponding DCI. The remaining issue is whether the A-CSI indication subframe set is common for all the serving cells with two CSI subframe sets or it is defined in a per-cell manner. 

	CATT
	Q1: Agree with LGE that the two agreements on UE behavior on CSI measurements according to the UL-DL reconfiguration signaling should be captured in the specification. Additionally, the subframe sets for DL CSI measurements can be semi-statically configured by higher layers with reusing existing specification, rather than dynamically determined. The reason is that an eNB may not be able to know the instantaneous actual subframe direction of each strong interfering eNB given the uncertainty of backhaul latency and that the exchanged intended UL-DL configuration may not always be the actual configuration dependent on the applied interference coordination scheme. 
Q2: Yes. The aperiodic CSI triggering for mechanism for TDD eIMTA should be enhanced so that DL CSIs for both subframe sets can be reported. Regarding the mechanisms previously discussed in R1-135054, our preference is alt 2, i.e. two CSI triggering bits shall exist in UL grants mapped to UE specific search space to trigger CSI reporting for one or both of the subframe sets. With this alternative, current CA and CoMP design can be reused so that specification impacts are minimized. Alt-1 has its drawback in that CSI for two subframe sets cannot be included in one CSI reporting instance, which means that two UL grants shall be used if both CSI reports are desired. This increase the overhead especially when few uplink traffic is to be scheduled. Alt-3 is not flexible as alt-2 thus not preferred.
Q3: Yes. The above alternative 2 can be extended to carrier aggregation case following the principle of Rel-11 CA + CoMP design, i.e. CSI reporting sets are defined across the serving cells and CSI subframe sets within a serving cell. The 2 CSI triggering bits in UL grants are used to dynamically indicate the set of CSI reporting that is triggered by the eNB.

	ZTE
	Q1:  Yes. Most of the spec changes can be shared by TMs 1-9 and TM 10.  The agreements on valid CSI measurement subframes can be applied in general to all the TMs and both to periodic and aperiodic CSI measurement as mentioned by LGE.  Interference measurement window can be configured by RRC signaling to limit to a single subframe to avoid mix-up of different interference types in flexible subframes which can be changed dynamically.  

Q2:  Yes. Dynamic signaling proposed in R1-135954 and R1-135367 can be also applied to TMs 1-9.   One of the proposals in R1-135367 is to use combination of RRC and DCI signalling to associate IMR to each subframe set as shown in the table below.  A new DCI bit is used to choose between two IMRs for the subframe set related to flexible subframes. 

Semi static RRC configuration

Subframe set 0
Subframe offset=0
Subframe set 1
Subframe offset=3 or 4
DCI bit      Dynamic configuration for set0
0

Subframe offset=3
1

Subframe offset=4
This new DCI bit can be added to the group-specific DCI signaling of TDD configuration.
To support the same method for TMs 1-9, IMR can be changed to subframe offset of  the interference measurement subframe instead as shown in the above table.  This is related to both measurement and reporting.
For aperiodic CSI reporting, Alt 1-1 in R1-135054 is preferable.  Alt 1-1 is the triggering scheme similar to the current scheme for eICIC i.e. determined by the location of a DL subframe with the UL grant.  One simple way is to determine the subframe set by the modulo 2 of the subframe index.  e.g. On the validity of downlink reference resource, the spec can state that "it is an element of the CSI subframe set CCSI, mod2(x)  where x is the subframe index of the subframe where the corresponding CSI request is received." 
Q3: Yes, methods in Q1 and Q2 can be extended to support CA.  Per-cell indication/configuration is preferable.

	Panasonic
	Q1: Yes, we prefer semi-static configuration on CSI measurement set for TMs1-9 so new RRC signaling is needed. 

Q2: Yes, if the CSI request field is 2 bits, we think new RRC is needed to configure each state, which could be “single reporting” or “multiple reporting”. If the CSI request field is 1 bit, the usage of such 1 bit is equal to “01” of 2bits CSI request field.

Q3: Yes, we think CSI measurement set should be supported for Scell and relevantly aperiodic CSI is reported in the Scell.   

	Ericsson
	Q1: Given the limited gains seen with dual CSI and that mainly the difference in interference levels are of interest periodic CSI-reporting is sufficient. For TM10 with multiple CSI processes reporting is possible. No change required specially for aperiodic CSI measurements. 

Q2: No

Q3: No specific change for aperiodic reporting. To include two subframe sets also for SCell is already agreed. 

Valid CSI measurement resource has already been agreed upon and how to capture this in the specification can be left to the CR stage. 

	Intel 
	Q1: In our view some clarification is needed for both periodic and aperiodic CSI measurements in terms of UE behavior. The UE CSI measurements should be done over DL/S subframes indicated by explicitly signaled UL-DL configuration or SIB1 UL-DL configuration, depending on detection status of explicit UL-DL configuration by UE. The mechanism of semi-static signaling of subframe sets for DL CSI measurements should be re-used. Agreement on CSI measurements may be captured in the definition of valid CSI measurement resource. The exact wording is up to CR.
Q2: Yes. According to the RAN1 WG agreement, 1) the aperiodic CSI feedback shall be supported for all the configured measurement subframe set(s) and 2) SIB1 UL-DL configuration is used for UL HARQ timing. => The UL grant with CSI request cannot be sent on flexible subframes and thus it is impossible to trigger aperiodic CSI report for the 2nd subframe measurement set pointing to flexible subframes. In our view, simple solutions with minimal changes in RAN1 specification and UE behavior can be considered. Therefore we prefer Alt 1-1 from R1-135054 w/o introduction of new CSI measurement sets. As a second preference we can consider Alt 2-2, but in our view it has more specification impact.
Q3: Yes. Modifications described in Q1 and Q2 can be extended for all configured serving cells. Include two subframe sets also for SCells.

	Huawei, HiSilicon
	Q1: Yes, we agree with LGE to modify the definition of valid CSI measurement subframe for eIMTA, this modification should be applied for all TMs. For aperiodic CSI measurement, we also prefer that one shot interference measurement can be configured for eIMTA. 

Q2 and Q3: Yes.

 If CSI request field is 1 bit, we prefer to combine the usage of Alt 1-2 and Alt 3 (in annex) to avoid introducing any extra bit(s) in existing UL_grant. If CSI of each DL subframe set can be associated with one of UL subframe sets, UL subframe determines which aperiodic CSI is reported. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI of both sets should be reported.
If CSI request field is 2 bits, we prefer that higher layer signaling configures the CSI measurement subframe sets to be reported for each state of the existing CSI request field.

	Samsung
	Q1: Yes. Either dynamic or semi-static signaling can work but further discussion of details is needed. For dynamic signaling, backhaul latency is not an issue and cells practically always use the exchanged configuration (if not, there is no point in defining that exchange). 

Q2: Yes, the alternatives have been extensively discussed prior to and during the last meeting. Each alternative has its advantages/disadvantages but all are fundamentally functional. Following TDM ICIC, we have a preference to Alt.1-1 but Alt.2 is also OK and Alt.3 can be further considered.

Q3: Yes, CA should be supported. The extension can be based on the Rel-10 CA mechanism.

	Potevio
	Q1: Yes. Agree with LG to introduce modifications on the definition of valid CSI measurement subframe to capture the two agreements on CSI measurement.
Q2: Yes. Alt1-2 in R1-135054 is suggested, but in our view, one UL subframe associates with both subframe sets should be allowed so that the flexibility of A-CSI reporting can be maximized. Such alternative can be implemented by two separate “A-CSI reporting set indication” configurations, where each configuration is associated with each CSI measurement set respectively. “A-CSI reporting set indication” can be signaled in the form of a bitmap, where in case the bit corresponding to an UL subframe of UL-reference configuration is set to 1, the A-CSI report transmitted on the UL subframe should include the CSI of the associated CSI measurement set if triggered. Two cases are shown in the figure below. In the left case, each UL subframe can carry the CSI of one measurement set only, and further two continuous UL subframes can be requested by single grant to report CSIs of their associated measurement sets simultaneously. In the right case, each UL subframe can carry CSIs of two measurement sets. 
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Q3: Yes. Two CSI measurement sets should be supported for SCell with eIMTA, and modifications in Q1 can Q2 can be applied to all configured serving cells.

	ALU/ASB
	Q1: Yes. Agree with LG on modifying the definition of valid CSI measurement subframe. RRC signaling should be introduced to support semi-static configuration of CSI measurement subframe sets.
Q2: Yes. We prefer that CSI for two measurement sets can be reported at the same time in order to reduce the overhead for requesting two CSI separately. For a single carrier eIMTA, we prefer using 2-bit CSI request (add an additional bit) to indicate which subframe set(s) to report, in order to align with our preferences for other cases and have a unified solution. But if adding an additional bit is a concern, we would also be fine to keep the 1-bit CSI request field, and always report CSI for the two subframe sets when requested.
Q3: Yes. We support Alt 2-2.

	Sharp
	Q1: Yes. The CSI measurement subframe set(s) should be semi-statically configured by higher layer signaling, and are applied to both periodic and aperiodic CSI reporting.

Our preference on aperiodic CSI reporting is that the value of the CSI request field triggers a CSI report(s) for the corresponding subframe set(s) of the corresponding serving cell(s).
Q2: Yes. We have similar views to CATT, and prefer Alt 2-2 in R1-135054. New RRC is required to associate each value of the CSI request field to CSI reporting for the configured subframe set(s). 
Q3: Yes. Our preference is that the CSI request field in the CA case is modified so that a higher-layer configured CSI subframe set is additionally included (same as Alt. 2-2 in R1-135054).

	Qualcomm
	Q1: Yes. We prefer also semi-static configuration of CSI measurement set for TM 1-9. The existing signaling of subframe sets for Rel-10 eICIC can be reused herein. The agreement on CSI measurement shall be captured in the definition of valid CSI measurement resource. 

Q2: Yes. There shall be spec change to support two subframe set A-CSI reporting for TM1-9. Considering tight schedule of eIMTA, the minimum specification change is preferred. Instead of changing the CSI request field from 1bit to 2bits for TM1-9, a simple way is to redefine the reference resource for A-CSI measurement. Currently for A-CSI reporting of TM1-9, the reference resource is same as the triggering subframe so only CSI of fixed DL subframes can be reported. For A-CSI reporting of TM1-9, the reference subframe must be on or after the triggering subframe. It does not make sense to measure a subframe before the triggering subframe for TM1-9. In addition, the benefit to define a reference subframe in between the triggering subframe and n-4 (e.g. four subframes prior to the report subframe) is not clear since if n-4 is UL then there shall be no flexible DL between the triggering subframe and n-4. Therefore, we prefer to implicitly determine the reference subframe for A-CSI of TM1-9 without additional signaling. Only subframe of n-4 or the subframe of A-CSI request can be used for reference subframe. If n-4 is DL then the reference subframe is n-4 otherwise same as the A-CSI request subframe. Depending on the direction of n-4 and subframe type (e.g. fixed or flexible), the A-CSI of fixed or flexible subframe set is reported. Whether to report “single CSI” or “multiple CSI” is also dependent on available reference subframe, e.g. whether “n-4” is flexible DL. UE complexity needs to be considered also.  
Q3: Yes. Approaches in Q1 and Q2 can be extended to SCells for support of CA. 

	Broadcom
	Q1: Yes, agree with LG’s proposal to clarify that the valid CSI measurement subframes depend on the detection of L1 reconfiguration signaling. 

Q2: Yes. Alt 2-1 in R1-135054 is preferred due to the benefit of flexibility.
Q3: Yes. We agree in principle that CA with eIMTA can be supported, but the final decision should be made once specification impacts raised in Q1 and Q2 are agreed. 


Summary: 

· Specification impacts for CSI measurements in transmission mode 1-9 for single serving cell
· 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” should be reflected in the specification,
· Supported by:  LG, CATT, ZTE, Intel, Huawei/Hisilicon, Potevio, ALU/ASB, Qualcomm, Broadcom
· The subframe sets for CSI measurements are semi-statically configured

·  Supported by: CATT, Panasonic, Intel, ALU/ASB, Sharp, Qualcomm

·  Further discussion needed : Samsung

· Interference measurement window can be configured by RRC signaling to limit to a single subframe

· Supported by: ZTE

· Dynamic IMR resource:

· Supported by: ZTE

· One shot interference measurement can be configured for eIMTA

· Supported by: Huawei/Hisilicon
· No spec changes required

· Supported by: Ericsson (specially for aperiodic CSI measurements)
· Specification impacts for aperiodic CSI reporting in transmission mode 1~9 for single serving cell

· Option 1: The location of CSI request indicates which subframe set to be reported (alt 1-1 in R1-135054)
· Supported by: LG, ZTE, Intel (1st preference), Samsung (preferred)
· Option 2: An additional bit is added to the A-CSI request field in UL grants to indicate the CSI measurement subframe set to be reported and higher layer signaling configures the CSI measurement subframe set to be reported for each state of the CSI request field. (i.e. alt 2-1 in R1-135054)

· Supported by: CATT (in case 1 CSI triggering bit is currently available), Samsung (OK), ALU/ASB (in case 1 CSI triggering bit is currently available, 1st preference), Broadcom
· Option 3: Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits). (i.e. alt 2-2 in R1-135054)

· Supported by: CATT (in case 2 CSI triggering bits are already available), Panasonic, Intel (2nd preference), Huawe/Hilisilicon (in case 2 CSI triggering bits are already available), Samsung (in case 2 CSI triggering bits are already available), ALU/ASB (in case 2 CSI triggering bits are already available), Sharp

· Option 4: Each UL subframe in which aperiodic CSI is reported is associated with one of the two CSI measurement subframe sets. (alt 1-2 in R1-135054)

· Supported by: Huawei/Hisilicon (combined with option 5 in case of a single CSI triggering bit), Potevio,

· Option 5: UE reports CSI for both sets whenever two CSI measurement sets are configured. (alt 3 in R1-135054)

· Supported by: Huawei/Hisilicon (combined with option 4 in case of single CSI triggering bit), Samsung (can consider), ALU/ASB (in case 1 CSI triggering bit is currently available, 2nd preference)
· Option 6: The CSI reference subframe determines the CSI measurement subframe set to be reported (no additional CSI request bit). The reference subframe can either be n-4 or same as the A-CSI request DL subframe depending on the direction of subframe n-4.
· Supported by: Qualcomm

· Option 7: No specific change
· Supported by: Ericsson
· Specification impacts for aperiodic CSI reporting when eIMTA and CA are configured and transmission mode 1~9 is used in all serving cells

· Configure two subframe sets for each serving cell
· Supported by: LG, ZTE, Panasonic, Ericsson (already agreed), Intel, Samsung, Potevio, Qualcomm

· Extend the above aperiodic CSI reporting options for single cell to multiple serving cells

· Supported by: LG, CATT, ZTE, Panasonic, Intel, Potevio, ALU/ASB, Sharp, Qualcomm
· Extend the Rel-10 CA mechanism for aperiodic CSI reporting in case of CA and eIMTA

· Supported by: Samsung

· No spec change required

· Supported by: Ericsson (except two subframe sets can also be configured for an SCell)
2 DL aperiodic CSI reporting for TM 10

Companies are invited to provide inputs on the aperiodic CSI measurement and reporting mechanism for TDD eIMTA with two subframe sets, for TM 10. Views are the following aspects are welcome:

· Q4: What is the minimum UE capability on the number of CSI processes for TDD eIMTA UEs?
· Q5: How to configure the CSI-IM for TDD eIMTA UEs with two subframe sets for a serving cell?
· Q6: Are there any specification changes required for aperiodic CSI measurement for a serving cell, for a UE configured with TDD eIMTA and two subframe sets and TM 10 on the serving cell? If yes, provide the details.
· Q7: Are there any specification changes required for aperiodic CSI reporting, for a UE configured with a single serving cell and TDD eIMTA with two subframe sets and TM 10? If yes, provide the details.
· Q8: Are there any specification changes required for aperiodic CSI reporting, for a UE configured with DL CA and TDD eIMTA, assuming the UE is configured with TM 10 for at least one serving cell and the UE is configured with TDD eIMTA with two subframe sets for at least one serving cell? If yes, provide the details.
Companies are encouraged to consider the prior email discussion summarized in R1-135054. Any clarification on the relevant proposals in R1-135054 is welcome.
	Company name
	Views

	LG
	Q4: One CSI process to apply TDD eIMTA to the maximum set of UEs.
Q5: Up to two CSI IM can be configured for each CSI process with two subframe sets. Each CSI IM can be associated with each CSI subframe set.
Q6: The same as Q1.

Q7&Q8: The methods explained in Q2&Q3 are applicable regardless of the configured TM, number of DL serving cells, and the number of configured CSI processes except for a cell with 4 CSI processes for which nCQI_ref  is the smallest value greater than or equal to 5.

	CATT
	Q4: Given that two CSI-IMs are required for a single CSI process if the minimum UE capability for eIMTA is one CSI process, we don’t see much difference between minimum UE capability of one and two CSI processes for eIMTA in terms of UE complexity. Defining the minimum UE capability of two CSI processes is beneficial in that little specification change is required. We should finish this issue before agree on the other aspects of aperiodic CSI for TM10. We don’t have a strong preference on the minimum UE capability of one or two CSI processes for TDD eIMTA.
Q5: Following specification impacts are envisioned

· If the answer of Q4 is one CSI process, then two CSI-IMs can be configured for a single CSI process to support the interference measurement for both subframe sets; otherwise the current configuration of multiple CSI processes can be reused. 
· Regardless of the minimum UE capability of CSI process for eIMTA, the current restriction “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.” shall be removed for all Rel-12 UEs (applied for FDD UE as well for commonality). This would allow CSI-IM can be configured in multiple subframes within 5ms. 
· The CSI-IMs are semi-statically configured and UE measures interference on the configured CSI-IM resources only when the subframe is indicated as DL. We don’t see the necessity of introducing “aperiodic IMR” given the discussion captured in R1-135054.
Q6: The same answer for Q1 applies for single CSI process capable UE (if supported in eIMTA). It is also applicable for UEs configured with multiple CSI processes and TDD eIMTA, while the configuration “CSI subframe sets” are not needed for these UEs (i.e. only CSI processes are configured) since it is not expected to operate TDD eIMTA in small cells with macro cells on the same carrier frequency. In other words, if the minimum UE capability of CSI processes is two for TDD eIMTA, for a CSI process configured for a serving cell on which UE is enabled with eIMTA, subframe sets cannot be configured for that CSI process. If the minimum UE capability of CSI processes is two for TDD eIMTA and assuming subframe sets cannot be configured, we need to discuss the possibility of increasing the maximum UE capability of CSI processes to beyond 4 for TDD eIMTA, which would allow similar number of CSI processes available when TDD eIMTA and CoMP are used together and without increasing UE complexity compared to existing Rel-11 TDD UEs which support maximum 4 CSI processes configured together with subframe sets.

Q7: The same answer for Q2 applies for single CSI process capable UE (if supported in eIMTA). Current specification can be reused for multiple CSI process capable UE.
Q8: The same answer for Q3 applies for single CSI process per serving cell capable UE (if supported in eIMTA). Current specification can be reused for multiple CSI process per serving cell capable UE. 

	ZTE
	Q4: One CSI process should be supported for eIMTA.  This is more consistent with one CSI  in TMs 1-9.

Q5: One Rel-12 CSI-IM resource for TDD eIMTA can be defined to contain multiple Rel-11 CSI-IM resources.  e.g. in the table for Q2, one CSI-IM resource for TDD eIMTA contains three IMRs (IMR I1, I2 , I3 ) with subframe offsets 0,3,4.  With this CSI-IM setup and the combined RRC and DCI signaling in Q2, each subframe set can associate with an IMR or interference measurement subframe.
Another way is to introduce aperiodic IMR for aperiodic CSI.  To obtain CSI with dynamic interference configuration, the aperiodic IMR is setup only when CSI is triggered.  The configuration of IMR can be done in semi-static manner to inform the UE the REs location of the aperiodic IMR.  The difference of the regular IMR configuration is that there is no subframe offset and periodicity in the configuration.  
Configuration of aperiodic IMR

Semi static RRC configuration

Subframe set 0
IMR I0  

(Periodic with P=5ms, Subframe offset x=0)
Subframe set 1
IMR I1 

(Aperiodic, Subframe offset depends on the timing of aperiodic CSI triggering)
DCI bit   -  Dynamic configuration for aperiodic IMR for subframe set 1
0

Subframe offset=3
1

Subframe offset=4
Q6-8: Please see our answers for Q1-Q3.

	Panasonic
	Q4: 1 CSI process should be supported as minimum capability for eIMTA users.

Q5: We prefer semi-static configuration for CSI-IM. One CSI-IM configuration corresponds to one CSI measurement set. If the subframe CSI-IM is configured is UL, UE report previous measurement or OOR(out of range). 
Q6: CSI measurement set could be indicated by CSI-IM implicitly so there is no need to change the spec.

Q7: The spec change is similar with Q2.

Q8: The spec change is similar with Q3.

	Ericsson
	Q4: Single CSI process should be supported for TM10, however aperiodic CSI for both flexible and fixed subframes may not be for that UE. 
Q5: Multiple CSI-IMs can be configured for the same CSI process by RRC. Agree with the removal of the configuration restriction pointed out by CATT: 
· Regardless of the minimum UE capability of CSI process for eIMTA, the current restriction “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.” shall be removed for all Rel-12 UEs (applied for FDD UE as well for commonality). This would allow CSI-IM can be configured in multiple subframes within 5ms. 

Q6: No more than already discussed for TM1-9.
Q7: No more than already discussed for TM1-9.
Q8: No more than already discussed for TM1-9.


	Intel
	Q4: For TDD eIMTA capable UEs a single CSI process shall be supported as minimum UE capability. Introduction of a new UE capability with two CSI processes and mandating support of two CSI processes exceptionally for eIMTA capable UEs is not reasonable, because it has larger specification impact and higher UE complexity. Using CSI processes to support eIMTA could also limit the number of CSI processes that can be allocated for CoMP CSI feedback, if eIMTA and CoMP are used together.

Q5: Two CSI-IMs are configured for single CSI process to accommodate interference measurements in two CSI measurement subframe sets. The CSI-IMs are semi-statically configured and UE measures interference on the configured CSI-IM resources when the subframe is indicated as DL. The restriction that CSI-IM resource configuration(s) completely overlaps with one zero-power CSI-RS resource configuration is removed.

Q6: Yes. For TM10 and single CSI process, the additional CSI-IM needs to be configured. The restriction that CSI-IM should overlap with zero-power CSI-RS needs to be removed.

Q7: The changes described in Q2 are needed.

Q8: The changes described in Q3 are needed.

	Huawei, HiSilicon
	Q4: The minimum UE capability could be 1 or 2 CSI processes, depending on whether TM10 UE capability signaling is reused or a new capability signaling is introduced for eIMTA. However, what is relevant is the processing complexity. For eIMTA on one serving cell without CoMP, the UE does not need to support more than 2 CSI measurements.

In order to support 2 CSI measurement subframe sets in eIMTA, the UE complexity is similar between the scheme of single CSI process with two CSI-IMs and the scheme of two CSI processes. RAN1 specifications already support CSI measurement of 2 subframe sets with 2 CSI processes, and we would like to avoid introducing a double functionality for eIMTA.

Consider a CoMP UE capable of more than one CSI process, assuming this UE supports eIMTA with two DL measurement subframe sets, then the UE can be configured with 2 CSI processes where the 2 NZP CSI-RS resources are the same, and the 2 CSI-IM resources are located in different subframe sets (cf Q5). So the UE will never have to compute 4 CSIs, since each CSI process will only produce a single CSI. So the UE can exactly obtain the 2 eIMTA CSI measurements by just following Rel-11 TM10 CSI measurement rules. Thus, other than the subframe offset between two CSI-IMs, no specification change is needed to support CSI measurements for eIMTA in TM10 if a UE can be configured with 2 CSI processes.

If the UE complexity is a concern and we want to allow eIMTA without requiring CoMP support with multiple CSI processes, then constraints can be defined for the configuration signaling for a UE that supports TM10 with 1 CSI process. Such constraint can be that if a UE reports that it supports eIMTA and TM10, but only supports TM10 with 1 CSI process (i.e. as in Rel-11 for the general case where 1 CSI-IM resource could belong to 2 subframe sets), then (if the UE is configured with eIMTA) the UE can be configured with 2 CSI processes only if the NZP CSI-RS resource configuration is the same in both configured CSI processes and if a CSI-IM resource belongs to at most one subframe set.
Q5: The 2 CSI measurements needed for eIMTA are associated with distinct DL measurement subframe sets, so two CSI-IM resources need to be configured, one in each subframe set. Since the 2 CSI-IM resources need to occur in separate subframes within 5 ms, the constraint 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” should be removed from the 36.213 specifications.
Since the RRC configuration of CSI-IM is a periodic CSI-IM resource whereas the UL-DL configuration could be dynamically changed as fast as 10ms, aperiodic interference measurement needs to be supported for an eIMTA-enabled UE. Basically, a UE should not assume that a CSI-IM resource configured by RRC is always available. For that, the aperiodic CSI-IM can be dynamically configured by DL_assignment or UL_grant for eIMTA-enabled UE. This mechanism is similar as the triggering mechanism for A-SRS.
Q6: The specification impact for TM1-9 in Q1 can also be applied in TM10.

Q7 and Q8: The proposals for Q2 and Q3 can be extended to TM 10, also.

	Samsung
	Q4: One CSI process with two CSI-IMs as the minimum UE capability.
Q5: Two CSI-IMs can be configured for each CSI process with two subframe sets. As agreed, L1 reconfiguration signaling determines subframe(s) for the second CSI-IM for a UE to measure. Also agree with the removal of the configuration restriction pointed out by CATT and Ericsson.
Q6-Q8: Similar to Q1-Q3.

	Potevio
	Q4: Single CSI process should be supported as minimum capability for eIMTA UE.

Q5: For eIMTA with two subframe sets, two CSI-IM can be semi-statically configured, and each CSI-IM is located in each CSI subframe set respectively.

Q6-8: As described in Q1-3.

	ALU/ASB
	Q4: we strongly prefer having two CSI processes as the minimum UE capability for eIMTA. Agree with CATT that supporting a single CSI process with two IMR configured or supporting two CSI processes has little difference in UE complexity. Even if we keep a minimum of one CSI process for eIMTA, the UE complexity corresponding to a CSI process is higher than that of legacy UE. So we do not really see a good motivation of insisting a single CSI process. In fact, with a single CSI process to handle two subframe sets for eIMTA, a Rel-12 eIMTA UE capable of supporting up to 4 CSI processes will have much higher complexity than the legacy UEs that support up to 4 CSI processes. This can actually been seen as a burden on the UE implementation/complexity. Using two CSI processes has the advantage of being able to reuse the existing specifications with little change. To address some concern on UE complexity, we could add a constraint for eIMTA that the CSI-RS configurations for the two CSI processes should be the same.
Q5: With 2 CSI processes, the existing signaling for configuring CSI processes can be reused. We agree with CATT on removing the restriction “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.”

Q6-8: same as Q1-3.

	Sharp
	Q4: The minimum UE capability should be single CSI process per cell. A unified solution for TM1-9 and TM10 should be considered from the implementation point of view.

Q5: The restriction 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” should be removed.

Q6: Yes. Similar to Q1. Our preference is that the value of the CSI request field trigger a CSI report(s) for the corresponding subframe set(s) of the corresponding CSI process(es) and serving cell(s).

Q7: Same answer as Q2 for a single CSI process.

Q8: Yes. Our preference is that the CSI request field in the CoMP case is modified so that a higher-layer configured CSI subframe set is additionally included (same as Alt. 2-2 in R1-135054).

	Qualcomm
	Q4: If single CSI process is supported for TM10 and there is only one CSI-IM per CSI process, two sets of CSI measurement and reporting is not supported for eIMTA capable UE. If two CSI-IMs are configured for a single CSI process it is not clear whether UE can measure “multiple reports” simultaneously. If so, we don’t see any difference in terms of UE complexity for two CSI processes configuration with each one CSI-IM. Furthermore, the specification effort to define parameters for second CSI-IM is larger than defining the minimum UE capability of two CSI processes for eIMTA capable UEs. Therefore, we prefer that UEs with eIMTA capability shall support at least two CSI processes.

Q5: We prefer all CSI-IM to be RCC configured to be periodic, without further dynamic configuration. For removal of the configuration restriction, it is only required for eIMTA UEs instead of all Rel-12 UEs and also only in flexible DL subframes. For any DL subframe of SIB1 configuration, the same Rel-11 restriction on CSI-IM configuration still applies since such arrangement would help handle legacy users. 

Q6: For TM10 UE with single process, the approach in Q2 can be reused without the need to increase number of CSI request bits. The usage of one 1 bit CSI request is equal to “01” of 2bits CSI request field. In such case, two sets of CSI reporting will not be supported for that UE. For TM10 UE with multiple CSI processes, two CSI triggering bits in UL grants mapped to UE specific search space can be used to trigger CSI reporting for one or both of the subframe sets. The current configuration for multiple CSI processes can be reused and thus no specific change required for aperiodic reporting.

Q7: Current specification for multiple CSI process capable UE can be reused.

Q8: Current specification for multiple CSI process capable UE can be reused.

	Broadcom
	Q4: A single CSI process with two subframe sets can be supported as the minimum capacity for eIMTA UE. And at most 2 CSI processes are supported.

Q5: Two CSI-IM resources are configured to support two subframe sets. The restriction of CSI-IM resource configuration can be removed.

Q6-8: Similar to the answers for Q1-Q3.


Summary: 

· Minimum UE capability on the number of CSI processes for TDD eIMTA

· One

· Supported by: LG, ZTE, Panasonic, Ericsson, Intel, Huawei/HiSilicon (if some configuration restriction is applied), Samsung, Potevio, Sharp, Broadcom
· At least two

· Supported by: Huawei/HiSilicon (preferred), ALU/ASB, Qualcomm

· No strong preference:

· CATT

· Configuration of CSI-IM for single CSI process capable UEs (if supported for eIMTA)

· Up to two CSI-IM can be configured for a CSI process with two subframe sets (semi-static by RRC)

· Supported by: LG, CATT, Panasonic, Ericsson, Intel, [Samsung], Potevio, Broadcom
·  One Rel-12 CSI-IM resource for TDD eIMTA can be defined to contain multiple Rel-11 CSI-IM resources
· Supported by: ZTE

· Introduce aperiodic IMR
· Supported by: ZTE, Huawei/Hisilicon, Samsung
· The current restriction “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” shall be removed
· Supported by: CATT, Ericsson, Intel, Samsung, Huawei/Hisilicon, ALU/ASB, Sharp, Qualcomm (only for eIMTA UEs and only in reconfigurable subframes), Broadcom
· Need to discuss the possibility of increasing the maximum UE capability of CSI processes to beyond 4 for TDD eIMTA
· Supported by: CATT
· Aperiodic CSI reporting schemes as discussed for transmission mode 1-9 shall be applied for  transmission mode 10

· LG, CATT, ZTE, Panasonic, Intel, Huawei/Hisilicon, Samsung, Potevio, ALU/ASB, Sharp, Qualcomm (only for single CSI process capable UE)
3 Annex: Some relevant proposals from R1-135054

· Alt 1: Subframe location determines the CSI measurement subframe set to be reported.

· Alt 1-1: Each DL subframe in which UL grant is transmitted is associated with one of the two CSI measurement subframe sets.

· Alt 1-2: Each UL subframe in which aperiodic CSI is reported is associated with one of the two CSI measurement subframe sets. 
· Alt 2: CSI request field in UL grant determines the CSI measurement subframe set to be reported.

· Alt 2-1: An additional bit is added to the A-CSI request field in UL grants to indicate the CSI measurement subframe set to be reported.

· Alt 2-2: Higher layer signaling configures the CSI measurement subframe set to be reported for each state of the existing CSI request field (no additional bits).

· Alt 3: UE reports CSI for both sets whenever two CSI measurement sets are configured.

· Aperiodic CSI-IM resource is introduced for interference measurement in flexible subframes 

· Interference measurement for the related aperiodic CSI-IM resource is restricted to the single subframe where the CSI-IM resource is located.

· FFS on whether implicit or explicit L1 signaling is used to indicate the CSI-IM resource location related to the aperiodic CSI triggering  

· e.g. triggered by PUSCH grant DCI or PDSCH grant DCI.  
· In TM10, 

· A UE can be configured with two CSI-IM resource configurations for a single CSI process

· Restriction that CSI IM configuration is a part of ZP CSI-RS is removed
· FFS for which Rel-12 UEs the restriction is removed
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