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1 Introduction
This contribution summarizes the email discussion of [74bis-02] CSI measurement and report for eIMTA, in which the following three way forwards are discussed:
· R1-134905, “WF on CSI measurement and report in eIMTA,” LG Electronics, CATT, Samsung, Sharp, Potevio 

· R1-134903, “Way Forward on Interference Measurement for eIMTA,” ZTE, Huawei, HiSilicon 

· R1-134916, “Way Forward on CSI Measurements for eIMTA Support,” Intel, Ericsson, CATT 

The deadline of this email discussion is Nov. 8th, 2013.
2 Discussion on R1-134905

Contents of R1-134905 are copied below. Companies please insert your comments and/or questions directly below the corresponding bullet.

· At least when a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration.
	Company name
	Comments and questions

	Panasonic
	Our preference is to delete “only” as monitored downlink subframes could be indicated by other than explicit L1 signaling, for example DL grants. 

In addition, all existing seven UL/DL configurations are valid. Therefore we think "and detects a valid UL-DL configuration" is superfluous and should be removed. We would like to hear from other companies why they think this part is necessary before agreeing to it.



	LG Electronics
	The issue of CSI measurement was one of the most important reasons to adopt the explicit L1 signaling for UL-DL reconfigurations. So, the above proposal is a natural consequence of the agreements RAN1 has made so far. On top of this, the issue of CSI measurement (i.e., the validity of interference measurement) needs to be discussed for the cases where a UE misses the L1 signaling of reconfiguration, which is related to the topic discussed in R1-134921 in the previous meeting. With regard to Panasonic’s comment on the wording of "a valid UL-DL configuration", if the static UL subframe in DL HARQ reference configuration is changed to DL subframe (and/or the static DL subframe in UL HARQ reference configuration is changed to UL subframe) by the explicit L1 signaling of reconfiguration, this reconfiguration message should be assumed to be invalid from the perspective of UE. With this aspect, we think that it would be better to keep this wording.

	Intel
	We agree with Panasonic comments.

	ZTE
	We agree that the UE shall measure CSI in DL or S subframes indicated by explicit L1 signalling of reconfiguration.   Further discussion on how to specify this restriction is needed.  One way to specify it is to the signal the location of aperiodic IMR in the reconfiguration signalling.  The subframe offset of the aperiodic IMR can correspond to the DL/S subframes only in each DL/UL configuration.

	Samsung
	We agree with the proposal and largely share the views from LGE. Further discussion is needed about how the UE can perform the measurement in DL flexible subframes.

	Sharp
	We agree with the proposal. 

As LG pointed out, it was agreed that “the L1 signaling is used to at least inform the UE the downlink subframes to measure CSI” in RAN1#74 . The above proposal is just clarification of this agreement. If “only” is removed as suggested by Panasonic, the proposal may imply a UE measures CSI in the uplink subframes. This is contradicting to the agreement in RAN1#74. Therefore, we should not remove “only” from the above proposal.

About “detects a valid UL-DL configuration”, we fully share the view with LGE. So we should keep the sentence as it is.

	CATT
	Agree with LGE that the proposal is a natural consequence from the agreements RAN1 has made so far (as copied in the following) and should be agreed. Drawback of implicit derivation of subframe direction based on DL/UL grant for UE CSI measurement has been extensively discussed in previous meetings as one of the reason to agree on explicit L1 signaling. CSI measurement in case UE does not decode the explicit DCI signaling can be further discussed together with the fallback options.

RAN1 agreement in RAN1#74

· Confirm working assumption and agree on explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH.
· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS

	Ericsson
	Agree with this proposal in general but how to capture the UE behavior in the specification could be FFS. We would like to discuss how CSI measurement is done when the explicit reconfiguration signaling cannot be detected by the UE before agreeing on the proposal.

	NSN & Nokia
	We agree with the proposal. Similar to Ericsson, we see the case when reconfiguration signalling is missed need further discussion

	Texas Instruments
	We also agree with the proposal in principle.

	Panasonic2
	“The UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration" gives the impression to measure CSI even UE is in DRX or measurement gap. Other conditions are also described in TS36.213 section 7.2.3 as the situation is not to require to have CSI measurement. Can we understand this proposal does not override the conditions? If so, could co-sourced companies update the wording in order to avoid the conflict with current condition of not to require CSI measurement? We are not so clear from current wording.
On the topic of "a valid UL-DL configuration", we would like to further understand LG's (or other companies') view on the definition of a "static UL subframe in DL HARQ reference configuration" (or a static DL subframe in UL HARQ reference configuration). In our understanding, there is no such thing as a static UL subframe or flexible UL subframe in the reference configurations. Any UL subframe (with the exception of #2) of the DL HARQ reference configuration might be indicated as DL by the explicit signal. This might be desirable to use that subframe for broadcast information (for which no HARQ feedback is used) or undesirable as a result of a false positive of the explicit signal. If the false positive is the major concern, clause 9.3 of 36.213 already provides the following: “A UE shall discard the PDCCH/EPDCCH if consistent control information is not detected.”. In any case, “a valid UL-DL configuration” should be removed from the agreement.

	QCOM
	We agree with the proposal. The word “valid” should be kept considering the limitation of the combination of the SIB1 configuration and UE group common (E)PDCCH indicated configuration. Further discussion is required on how to perform measurement during the fallback when UE does not detect the explicit L1 reconfiguration signaling.

	ALU/ASB
	We agree with the proposal.
Regarding Panasonic’s comment on “valid UL-DL configuration”, the following was agreed in RAN1#74b: “Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.” So an UL subframe in the DL reference configuration should not be indicated as a DL subframe.

	Potevio
	We agree with the proposal. CSI measurement when the explicit L1 reconfiguration signaling is not detected should be discussed further.

	Huawei, HiSilicon
	We agree with this proposal. We also agree to keep “valid UL-DL configuration” in this proposal.

	Broadcom
	We agree with the proposal


Summary:

· 15 companies agree with the proposal:

· LGE, ZTE, Samsung, Sharp, CATT, NSN, Nokia, TI, QC, ALU, ASB, Potevio, Huawei, HiSilicon, Broadcom

· 1 company agrees with the proposal in general but propose to discuss the case without explicit signaling detected first

· Ericsson

· 2 companies propose the remove “and detects a valid UL-DL configuration”
· Panasonic, Intel

Proposal 1: 
Agree on the following as a working assumption:
· At least when a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration.
· FFS on which subframes to measure CSI in case UE does not receive the explicit L1 signaling of configuration correctly or does not detects a valid UL-DL configuration
· Aperiodic CSI triggering for the CSI measurement subframe set(s) shall be supported for TDD eIMTA.
	Company name
	Comments and questions

	Panasonic
	We agree. Aperiodic CSI triggering should be supported for fixed and flexible subframes. But how to trigger them needs further discussions.

	LG Electronics
	It is obvious that the eNB should be able to take advantage of aperiodic CSI reporting when TDD eIMTA is under operation. According to the working assumption (i.e., For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1) made in RAN1#74bis meeting, the UL grant can be transmitted only in a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell), and as a result, it is not possible to trigger aperiodic CSI targeting the flexible subframe set under the current specification where the UE reports CSI for the subframe set which the subframe for the associated UL grant transmission belongs to.

	Intel
	We agree, under assumption that CSI measurement sets are configured semi-statically.

	ZTE
	We agree that aperiodic CSI triggering should be supported for both subframe sets.  

	Samsung
	We agree with the proposal.

	Sharp
	We agree with the proposal

	CATT
	Aperiodic CSI triggering for both subframe sets should be supported.

	Ericsson
	We agree that aperiodic CSI triggering should be supported for eIMTA but how to support it could be further discussed.

	NSN & Nokia
	We agree with the proposal

	Texas Instruments
	Agree with the proposal.

	QCOM
	We agree with the proposal

	ALU/ASB
	Agree.

	Potevio
	Agree.

	Huawei, HiSilicon
	We agree with this proposal.

	Broadcom
	Agree to support aperiodic CSI triggering, but how needs further study..


Summary:

All 18 companies expressed support of this proposal.

Proposal 2: 
Agree on the following:
· Aperiodic CSI triggering for the CSI measurement subframe set(s) shall be supported for TDD eIMTA.
· Further study the corresponding details

· Select one of the following alternatives

· 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.

[Rapporteur note: Given the many alternatives, it is preferable if each company can indicate which alternative above is preferred and the reasons for that.]
	Company name
	Comments and questions

	Panasonic
	We prefer Alt 2-2 or Alt 3 as both CSI could be triggered and minimum spec impact. Note our understanding is if Alt 2-2 is specified, Alt 3 is feasible based on the configuration.
Alt1 will limit the scheduling flexibility and may introduce additional DCI to trigger CSI-reporting. Alt.2-1 will introduce additional bits and the benefit is not clear.

	LG Electronics
	We have a preference for Alt 1-1. This is because Alt 1-1 can maintain the principle of aperiodic CSI reporting in Rel-10/11 specifications, i.e. when two CSI subframe sets are configured, UE just reports CSI of a certain subframe set, and the subframe set is determined by the location of a DL subframe which transmits the related UL grant. We think that the issues of UE implementation complexity in CSI calculation/report need to be considered in Alt 2 and 3 because the current UE reports only one CSI for each CSI process. On Alt 3, UE always reports CSIs for both sets, so the timing of CSI reference resource and UCI piggybacking to PUSCH should be carefully investigated due to the increase in the number of reported CSIs. A similar issue may arise in Alt 2 if a UE is required to support two-set CSI report per CSI process.

	Intel
	In our view, the Alt 1-1 or Alt 2-2 can be further considered. Alt 1-1 uses similar mechanism as in current specification and may not require additional signaling. For instance, the {1,1} combination of bits in CSI measurement subframe set bitmaps can be utilized to associate DL subframes that trigger aperiodic CSI report for measurement subframe set 1. The remaining static DL subframes may carry UL grants that trigger aperiodic CSI report for subframe set 0. Alt 2-2 is simple solution that has minimum specification impact, so we also consider this alternative as our preferred option.

	ZTE
	We prefer Alt 1-1.  We share the same view as LGE that 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.  For Alt2-1, additional DCI bit would cause unnecessary standardization change and additional UE complexity.  For Alt2-2, it is impossible to relate the CSI request field to different subframe sets if CSI request field has only one bit in format 1 in case of CSS.  For Alt 3, PUSCH overhead is wasted when the network only needs the CSI for only one subframe set in a particular subframe.

	Samsung
	More discussion is needed. Alt 1 imposes scheduling restrictions for obtaining A-CSI. Alt 2-1 is similar to the method used in CA/TM10 and offers full flexibility for the cost of 1 more bit. Alt 3 can often result to unnecessary overhead (e.g. A-CSI for flexible DL subframes may be needed more often than A-CSI for DL fixed subframes). Alt 2-2 is practically equivalent to Alt 3 for 1-bit trigger (assuming the capability for ‘no A-CSI’ is maintained) while for 2-bit trigger it up to the eNB to configure the triggered set of A-CSIs.

	Sharp
	We prefer Alt. 2-2. As for Alt. 1, as mentioned by Samsung, scheduling restriction of A-CSI trigger is one concern. Regarding the Alt 2-1, although full flexibility can be achieved, the benefit of introducing one bit is unclear. Alt 3, we have the concern about UE complexity by always calculating CSIs for both subframe set. If it is enough to report CSI for one subframe set, two CSIs need not to be calculated.

	CATT
	Alt-1 does not support CSI reporting for both subframe sets in one aperiodic CSI reporting instance. Therefore the eNB shall trigger two aperiodic reporting if CSI for both subframe sets are required. This increases the overhead for UL grant and possibly PUSCH when the UE has only downlink traffic since CSI may be transmitted on PUSCH without data. Alt-1 requires RAN1 specification work defining new timing relationship between DL/UL subframe and CSI subframe set according to each SIB-1 UL-DL configuration, but the RAN2 impact may be less than alt-2.
Alt-2 provides the flexibility for eNB to trigger aperiodic CSI reporting for either or both of the subframe sets with a single UL grant. Further discussion is needed considering the tradeoff of triggering flexibility and DCI overhead in order to decide between Alt 2-1 and 2-2. RAN2 specification work is required by Alt-2 to configure the linkage of CSI triggering bit states and CSI processes/subframe sets, and RAN1 impact is minimal. We don’t think UE implementation complexity is an issue for Alt2. As UE should anyway be able to measure and calculate separate CSI for each subframe set, putting two CSI feedback in a single reporting instance does not increase much complexity.  

Alt-3 is the simplest mechanisms with least spec impact. But it increases the overhead by always mandating two CSI reports for both subframe sets. There are some cases in which eNB only wishes to get CSI for one subframe set. For example when the traffic condition is uplink heavy and UL-DL configuration #0 is used, only CSI for fixed subframe set is necessary. 

To summarize, our preference is Alt2 and slightly prefer Alt 2-2 without adding new DCI bits.

	Ericsson
	We prefer to discuss aperiodic CSI triggering in general for TDD instead of limiting to eIMTA.

	NSN & Nokia
	As already summarized above by several companies, each proposal has its merits and drawbacks. Considering all aspects, our view is the same as CATT’s, i.e. Alt 2-2 is preferred.

	Texas Instruments
	Alt. 1 is not desirable due to the scheduling restrictions. Depending on the size of the CSI request field we observe that there may not be much difference between Alt. 2-2 and Alt. 3. At least for a 2-bit field, we prefer not to add any extra bits. 

	QCOM
	We prefer to Alt 2-2 since it can support both CSI report with minimum spec impact. Both Alt 1-1 and Alt 1-2 may add the constraint to the scheduling since the A-CSI of the flexible DL subframe set can only be triggered by pre-defined fixed DL subframe which means eNB has to schedule PUSCH transmission in a specific UL subframe in order to get CSI report.  Compared to Alt-1, Alt-2 provides full flexibility for CSI triggering and report. Alt 2-2 is better than Alt 2-1 due to no additional bit to add in UL grant. On Alt 3, it can be seen as a special configuration of Alt 2-2. If the two measurements are counted as two separate CSI processes then supporting Alt 3 can also be considered.

	ALU/ASB
	We prefer Alt 2-2 because it supports flexible CSI report with minimum specification impact. Moreover, we support two separate CSI processes for two subframe sets. In this case, the existing signaling mechanism for TM10 can be directly reused for eIMTA to support a combination of eIMTA and CA.

	Potevio
	Alt 2-1 is not preferred as additional bit is introduced into UL grant. For Alt 2-2, subframe set selection can’t be performed in case of 1-bit CSI request field, while if 2-bit CSI request field is used, the support of CA and CoMP will be restricted because more CSI progresses have to be allocated to each CC enabled with eIMTA for supporting two subframe sets. Alt 3 will bring unnecessary CSI overhead when network requires the CSI of only one subframe set in a particular period.

Alt 1 reuses legacy principle as much as possible with less specification impacts, where Alt 1-1 and Alt 1-2 are completely equivalent when UL-DL configuration #1-6 are used as UL reference configuration. However, when UL-DL configuration #0 is used as UL reference configuration, Alt 1-2 can support an additional behavior than Alt 1-1, i.e. aperiodic CSIs of both subframe sets can be triggered by single grant but transmitted in separate subframes, which can save DCI overhead and balance UCIs to be transmitted on two UL subframes.

So Alt 1-2 is preferred. But in order to provide aperiodic CSI triggering and reporting with full flexibility, it can be further considered to allow CSIs of both subframe sets to be reported in same subframe, i.e. each UL subframe in which aperiodic CSI is reported can be associated with one or both of the two CSI measurement subframe sets.

	Huawei, HiSilicon
	The combined use of Alt 1-2 and Alt 3 for different cases would be preferable. If there are two UL subframe sets and two DL subframe sets, CSI of each DL subframe set can be associated with one of UL subframe sets to reduce the overhead. If all uplink subframe(s) associate with one CSI measurement subframe set, CSI reports of both DL CSI measurement sets should be reported by one aperiodic CSI reporting triggering.

	Broadcom
	Our preference is Alt 2-1 due to its flexibility.


Summary:

Supporting companies for the following alternatives:

· Alt 1-1: LGE, Intel, ZTE (3)
· Alt 1-2: Potevio (1)
· Alt 2-1: Broadcom (1)
· Alt 2-2: Panasonic, Intel, Sharp, CATT, NSN, Nokia, QC, ALU, ASB (9)
· Alt 3: Panasonic (1)
· Alt 1-2 + Alt 3: Huawei, HiSilicon (2)
Proposal 3: 
Further discuss the alternatives in R1-134905 to enable aperiodic CSI reporting of two subframe sets for TDD eIMTA.
3  Discussion on R1-134903

Contents of R1-134903 are copied below. Companies please insert your comments and/or questions directly below the corresponding bullet.

· 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.  
	Company name
	Comments and questions

	Panasonic
	We agree the main bullet and 1st sub-bullet. But we don’t think second bullet (FFS part) is necessary. CSI-IM resource transmission (pattern) in fixed/flexible subframe could be configured by RRC or predefined based on some rule. We don’t think much benefit of dynamic indication by L1 signaling.  

	LG Electronics
	In principle, we acknowledge the necessity of introducing some dynamics to validating and/or configuring CSI-IM especially when the backhaul link is so fast that the serving cell can track the neighboring cells’ UL-DL reconfigurations. In our view, the first bullet of R1-134905 already has the feature of aperiodic CSI-IM to some extent in the sense that the validity of a semi-statically configured CSI-IM is dynamically indicated by the L1 UL-DL reconfiguration signal. Also, we think that the proposal in R1-134386, where the CSI measurement subframe set pattern is dynamically indicated, is another method of implementing such an aperiodic CSI-IM approach. Regarding the first sub-bullet, the CSI measurement accuracy requires further study due to the reduced measurement chance.

	Intel
	We do not see benefit to have dynamic L1 indication of CSI-IM resource. For the 1st sub-bullet it is not quite clear whether intention is to preclude interference averaging in time for CSI reporting. If so then is it valid only for TM10 or also other TMs?

	ZTE
	By definition, periodic CSI-IM should periodically appear during the time-scale in which CSI-IM is configured i.e. in semi-static time-scale.  Since the direction of flexible subframes can be dynamically changed, it is impossible to ensure having periodic CSI-IM in flexible subframes if we restrict IMR in DL/S subframes only.    Therefore, CSI-IM should be aperiodic if it is allowed to be configured in flexible subframes.    One question may be on how to configure this aperiodic IMR. The REs location of the aperiodic IMR (following CSI-RS pattern in a subframe) can be configured in semi-static manner.  Aperiodic IMR differs from the regular perioidic IMR configuration by removing periodicity in the configuration.  The subframe offset can be dynamically informed to the UE by DCI signalling e.g. in the DCI together with reconfiguration DCI signalling.  This is one way to ensure that rate-matching is done correctly at least for the group of UEs receiving the DCI signalling.  With dynamic indication of interference measurement subframe, it would let the network measure interference in a desired subframe according to the dynamically changing interference condition due to dynamic change of UL/DL configuration of the interfering node.  It is FFS under the 2nd sub-bullet point on how signalling is designed for such dynamic indication.  One example is to use DCI signalling to choose between limited set of subframe offset candidates e.g. between two subframe offsets.  More details can be found in R1-134313.

For the 1st sub-bullet point, we believe it is important to let the network have the configurability of restricting interference measurement to single subframe (or possibly limited number of subframes) only.   In flexible subframes, the interference may come from downlink or uplink.  If the aperiodic IMR only appears in one subframe, it is natural that the interference measurement should be restricted in single subframe only.  If one IMR is configured in multiple flexible subframes, the interference type may be different in different subframes.  Currently it is an UE implementation issue whether to do the averaging across different subframes.  If there is no restriction on interference averaging window, the UE may average across different interference types.   To avoid this issue, it is desirable to let the network configure the interference averaging window so that the network can understand which interference type the UE has been doing averaging.  This is especially useful when there is tight coordination between nodes.  In this case, the network may configure the UE not to do interference averaging.  This can be applied at least to TM10.  Other TMs can be FFS.  The configuration of whether to do averaging (or possibly the averaging window) can be also done along with IMR configuration.

	Samsung
	We agree with the proposal. RRC signaling of the CSI-IM resource is fundamentally against the agreement to introduce L1 signaling to indicate the UL/DL reconfiguration. 

	Sharp
	It is sufficient that separate CSI-IM configuration and removal of the restriction of CSI-IM configuration are specified. If a CSI-IM resource is indicated as UL subframes for a UE by L1 signaling, the UE  stop measuring the interference using CSI-IM in these UL subframes.

	CATT
	On the main bullet, our assumption is that aperiodic CSI-IMR only exists in reconfigurable subframes. Assuming that UE will not measure interference in a subframe dynamically reconfigured as UL, we do not see the need to introduce new higher layer signaling for aperiodic CSI-IMR, e.g. by removing the periodicity in the existing CSI-IMR higher layer signaling as commented by ZTE. In other words, once a UE receives a configuration of CSI-IMR by the existing higher layer signaling, the UE shall only assume the CSI-IMR exists in the DL subframe indicated by the explicit L1 signaling for UL-DL reconfiguration. 

On the first sub-bullet, we think it is difficult to agree that interference measurement shall be limited to the single subframe, especially considering the RAN4 LS reply in R1-134040, in which it is stated that RAN4 concludes the working assumption is no restriction on averaging IMR based interference measurement in Rel-11. On the other hand, we do agree with ZTE that it is beneficial not to combine interference measurement from fixed and reconfigurable subframes. This however can be properly implemented by using different subframe sets, i.e. one for fixed subframes and one for reconfigurable subframes. As to the possible motivation to further distinguish the interference type among reconfigurable subframes, we think this is very difficult to achieve in practice since the eNB may not know the actual UL-DL configuration used in neighboring cells.  

In lieu of the above comments, we do not see the necessity of introducing aperiodic CSI-IMR within the scope of TDD eIMTA.

	Ericsson
	We think the interference averaging issues could be further discussed. Further investigation will be helpful to determine whether there is a need to introduce new signaling to mandate UE behaviors regarding to interference averaging. However, we do not see the necessity of introducing aperiodic CSI-IM for such kind of purpose. 
· It seems that the aperiodic CSI-IM needs to be present whenever there is a UE who needs to do CSI measurement. It is questionable that overhead reduction benefit that is claimed by the proponent is true compared to periodic CSI-IM. 
· The existence of CSI-IM resources needs to be signaled to all UEs for the purpose of PDSCH rate matching. The robustness of the explicit signaling will impact the PDSCH performance which will not happen if semi-static CSI-IM is configured. 
· If L1 explicit signaling is used to indicate the location of the CSI-IM resource, the eNB has to configure the CSI-IM resource within the each period in advance. This may not only imply different number of required bits for different period but also pose scheduling restrictions to the eNB that it has to decide the aperiodic CSI reporting in advance. 

· Regarding to signaling to trigger the presence of aperiodic CSI-IM, it seems that it is linked to aperiodic CSI reporting. According to our understanding from the online discussion at RAN1 #74bis, a DL assignment could trigger CSI measurement as well. However, the aperiodic CSI is transmitted in PUSCH which is triggered by an UL grant in current specification. If CSI measurement is now triggered by a downlink DCI, the UE will do interference measurement in one subframe but have to report it later when an UL grant is sent. This essentially decouples the CSI measurement and the reporting which is not the case in current specification. How the measurement and the reporting could be associated is not clear. 
In conclusion, it is not clear to us how the aperiodic CSI-IM could work and how much benefit it could bring compared to the proposals in R1-134916, i.e. introduce two CSI-IM resources for a single CSI process. 

	NSN & Nokia
	We see that the simplest way to facilitate CSI-measurement for flexible subframes is just to allow for periodic configuration of CSI-IMs in flexible subframes. Obviously, the CSI-IM is only present when the subframes are (re)configured as DL subframe. Based on the UL-DL reconfiguration signalling, the UE knows whether the CSI-IM is there or not. Whether this kind of definition of CSI-IM is periodic or aperiodic is just a matter of phrasing. The point is that RRC configuration will suffice. 

	Texas Instruments
	The benefit of aperiodic CSI-IM resource is unclear. We think the current mechanism of having periodic CSI-IM resource is sufficient. How to configure the CSI-IM resource(s) can be FFS.

	QCOM
	We prefer all CSI-IM to be RCC configured to be periodic, without further dynamic configuration. When a periodic CSI-IM falls in a subframe that is not known to the UE to be a DL subframe, the UE skips that CSI-IM. Regarding the interference averaging, we don’t yet see a reason to have a new definition. Our preference is to reuse the existing definition, wherein the UE may average interference but only within the given subframe set.

	ALU/ASB
	We think the periodic CSI-IM configuration via RRC is sufficient. We do not see a clear benefit of introducing aperiodic CSI-IM due to the same reasons described by other companies. Moreover, given the possible dynamic configuration of both the serving cell and the neighboring cells and the fact that the serving cell may not always know the up-to-date configuration of the neighboring cells, it is not clear how meaningful the interference measurement based on a single subframe is and how the UE can confidently use this measurement for a different subframe for scheduling.

	Potevio
	As described by other companies, the benefit is unclear but many issues need to be considered for aperiodic CSI-IM resource. We think separate periodic CSI-IM resource configuration is sufficient to perform interference measurement for two subframe sets.

	Huawei, HiSilicon
	We agree with supporting aperiodic CSI-IM. Compared with RRC configured periodic CSI-IM, one more dynamic time domain CSI-IM configuration needs to be supported for eIMTA-enabled UE, since the UL-DL configuration could be dynamically changed as fast as 10ms. Otherwise, one of CSI measurement subframe sets may not be able to report CSI reporting, when the subframe, which contents periodic CSI-IM resource, is changed into UL subframe. 

For the relationship between aperiodic DL assignment triggering and aperiodic reporting, the latest available CSI measurement result will be reported (when UE performs the aperiodic CSI-IM measurement is controlled by eNB) in the aperiodically triggered PUSCH resource, and the delay between triggering and reporting is controlled by eNB.

	Broadcom
	More discussion is needed.


Summary:

· Agree with the proposal: Panasonic, LGE, ZTE, Samsung, Huawei, HiSilicon (6)
· Benefits of the proposal unclear: Intel, Sharp, CATT, Ericsson, NSN, Nokia, TI, QC, ALU, ASB, Potevio (11)
· More discussion is needed: Broadcom (1)
Proposal 4: 
Further discuss the proposals in R1-134903.

4 Discussion on R1-134916

Contents of R1-134916 are copied below. Companies please insert your comments and/or questions directly below the corresponding bullet.

· For each serving cell, Rel. 10 CSI subframe measurement set mechanism is reused for eIMTA support 
	Company name
	Comments and questions

	Panasonic
	The wording is not so clear whether it is only related to measurement or also related with reporting which is related to the proposal in R1-134905’s last bullet. From the measurement perspective, we agree. Reporting is another topic described in the last proposal in R1-134905 in our interpretation

	LG Electronics
	Noting that nothing was specified in Rel-10 for the CSI measurement set in an SCell, the proposal of this bullet is ambiguous to us; especially it is not clear what the term “Rel. 10 CSI subframe measurement set mechanism” is referring to and how this “mechanism” can be reused “for each serving cell.” If this is supposed to mean that high layer signaling can configure two CSI measurement sets for each serving cell, the wording needs to be clarified. If this is the case, we are wondering how the overall operations can be done. One could think of separating the static DL from the flexible SFs, but how can a UE average out the interference measurement in the second set which includes both DL and UL of the neighboring cell? Unless DL power control is applied to flexible DL SFs, somewhat self-contradicting situation occurs because the same interference level (measured in static DL and flexible DL) is separated by configuring the two CSI measurement sets while different interference level (measured in flexible DL and flexible UL) is mixed together.

	Intel 
	To Panasonic: The current wording relates to measurements (i.e. CSI subframe measurement set configuration) and configuration of periodic reporting for the case of periodic CSI report. For aperiodic CSI reporting, the mechanism to trigger CSI reporting is out of scope of this WF and is supposed to be discussed in R1-134905.
To LGE: In current specification the CSI subframe measurement sets are supported only on PCell. In principle, this configuration can be extended to SCell as well, but further discussion is needed on the need to support it. If it is agreed to be supported then higher layer signaling for CSI measurement sets can be used for each serving cell. 

In our view semi-static configuration of CSI measurement sets is sufficient to capture different interference profiles for two CSIs on static and flexible subframes. In general case, multiple cells contribute to interference on a given cell, therefore the procedure of dynamic adaptation of the CSI measurement sets and the expected performance benefits over semi-static configuration are unclear to us. Also, in case of non-ideal backhaul link, the dynamic adaptation of the CSI measurement sets is unlikely to bring benefits.

	ZTE
	We share the same view with some companies that this sentence is ambiguous.  It is not clear that which part of Rel-10 CSI subframe measurement set mechanism it is referring to.  We also think semi-static configuration of subframe set information is not sufficient because the interference type changes dynamically in flexible subframes.  The goal of having two subframe sets is to have separate CSI measurement for different interference conditions.  However, semi-static configuration of subframe sets would mix two interference types (i.e. UL-DL and DL-DL interferences) together in one CSI report.  This defeats the purpose of having two subframe sets.  

	Samsung
	Assuming that the referred Rel-10 mechanism is the one for eICIC, we do not think the proposal is appropriate for eIMTA as the two subframes sets for eICIC are semi-statically configured while the DL flexible subframes for eIMTA are dynamically indicated by L1 signaling (as fast as 10 msec). Therefore, we cannot agree with the proposal.

	Sharp
	The wording is unclear. If the intention is that RRC signalling mechanism of each DL subframe set for CSI measurement, i.e., bitmap indication of DL subframe sets, we agree with the semi-static configuration.

Moreover, as LGE points out, if the Rel. 10 signalling mechanism is reused, it cannot support DL measurement subframe set in SCell. We prefer the support of DL subframe set signalling in SCell.

	CATT
	We support this proposal. Our understanding is that the proposal aims to reuse mechanism of subframe sets as introduced in eICIC and the mechanism can be applied in each serving cell. Therefore, the CSI subframe measurement set shall be supported on SCell as well. 

Following the clarification from Intel, the bullet may be revised as following:

For each serving cell, Rel. 10 CSI subframe measurement set mechanism (including CSI subframe set configuration and periodic CSI reporting) is reused for eIMTA support

	Ericsson
	We support this proposal and are also fine with CATT’s suggestion.

	NSN & Nokia
	With the understanding that the aim is to maximally reuse eICIC principles when applicable, we are ok with the proposal

	Texas Instruments
	This also depends on the decision on the following bullet.  For example, if a CSI process is associated with two CSI-IM resources it doesn’t seem necessary to exactly reuse eICIC principles. Moreover, if two CSI-processes are configured for two subframe subsets, the Rel.11 CSI mechanism for TM 10 works fine.

	QCOM
	We are fine with supporting this proposal if Rel. 10 CSI subframe measurement set mechanism can be applied to both periodic and aperiodic CSI reporting. We also prefer to introduce the measurement subframe set configuration for the SCell including the case where the SCell and PCell configuration are different and the case where PCell measurement subframe set is not configured. 

	ALU/ASB
	As pointed out by many other companies, this sentence is unclear in terms of what exactly is reused. So it is not very meaningful to say if this bullet is agreeable or not. It would be better to have a more accurate description for discussion.

	Potevio
	Under the clarification from Intel, we are fine with this proposal.

	Huawei, HiSilicon
	If the UL-DL configurations can be fast exchanged between eNBs, the CSI measurement set is necessary to be assigned by dynamic signaling since semi-static mechanism cannot reflect the changing of CSI measurement subframes set. 

Otherwise, Rel-10 CSI subframe measurement set mechanism is sufficient for eIMTA.

	Broadcom
	We agree with the proposal as reworded by CATT.


Summary:
· 6 companies expressed the view that the wording is not clear:

· Panasonic, LGE, ZTE, Sharp, ALU, ASB, 

· 8 companies expressed supporting of this proposal:

· Intel, CATT, Ericsson, NSN, Nokia, QC, Potevio, Broadcom

· 3 companies expressed not supporting of this porposal

· Samsung, Huawei, HiSilicon
· 1 company thinks further discussion is needed:

· TI

Proposal 5:

Further discuss the following points

· Whether CSI subframe sets for TDD eIMTA is semi-statically or dynamically configured
· Whether CSI subframe sets shall be extended to secondary serving cell(s)

· 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
	Company name
	Comments and questions

	Panasonic
	We agree the two sub-bullets.

	LG Electronics
	We also think that the two CSI-IM resource configurations for a single CSI process will be beneficial for the separate interference measurement for each CSI measurement subframe set. Regarding the second sub-bullet, it should be clarified how that restriction is removed. For example, is it removed for both FDD and TDD UEs? For the whole Rel-12 TDD UEs? For eIMTA-capable UEs (if eIMTA is not a mandatory feature) irrespective of the eIMTA operation? Or is it removed only when eIMTA is configured? On the other hand, we need to consider a smooth inter-release change. One way is to remove such restriction only in flexible subframes so that there is no change from the legacy UE operation point of view as discussed in R1-134386. The exact details of handing this issue may be discussed in the CR phase if RAN1 can reach the agreement that the specification needs to support configuring at least one CSI-IM in a flexible SF.

	Intel
	To Panasonic: Thanks for agreeing with the proposals.
To LGE: Thanks for agreeing with the first bullet. As for the second bullet, this restriction should be removed at least for eIMTA capable UEs, however our preference is to remove restriction for all Rel.12 UEs in FDD and TDD. We agree that further discussion is needed on how to capture this in specification.

	ZTE
	We are fine with supporting two CSI-IMs for a single CSI process.   For the 2nd sub-bullet point, it is not clear that restriction is removed in what extent.   If CSI-IM can be configured in flexible subframes, it is clear that the CSI-IM would not fall onto ZP CSI-RS which is periodic because CSI-IM doesn't exist in UL subframes.   Therefore, for aperiodic CSI-IM, we think that the restriction on periodicity can be removed.  However,  if CSI-IM is configured with periodicity (e.g. in fixed subframes), the CSI-IM should still follow the restriction.

	Samsung
	We agree with the proposal in case of eIMTA-capable UEs.

	Sharp
	We agree with the proposals.

	CATT
	We support this proposal. For the second the sub-bullet, our understanding is that the restriction is removed from the perspective of all Rel-12 UEs. It should be noted that the restriction is only removed from the perspective of UE assumption. Whether eNB can still follow such restriction is left as eNB implementation.

	Ericsson
	To LGE: We think the restriction in CSI-IM configurations should be removed for all Rel-12 UEs in both FDD and TDD for commonality. As already pointed out during the online discussion, we see values not to restrict it to eIMTA. eICIC is another example of use case. It should be noted that removing the restriction provides larger freedom to the eNB. One can always configure CSI-IM resources in a way that is subjected to current restrictions.
To ZTE: Our intention is to introduce two CSI-IM resource configurations for a single CSI process so that separate interference measurement can be done for both fixed subframes and flexible subframes. Currently, there are two restrictions in CSI-IM resource configurations. The first restriction related to all CSI-IM configuration(s) for a single UE. This restriction should be removed since the periodical property is not gone. The second restriction relates to one CSI-IM configuration for a UE. It can also be removed since the link direction of flexible subframes will change hence the periodicity cannot be guaranteed.

	NSN & Nokia
	We agree with the proposals. Whether this should be applicable for all UEs or only the eIMTA capable ones need further discussion.

	Texas Instruments
	Further discussion is needed whether one CSI-process can be associated with two CSI-IM resources for CSI feedback of two subframe sets, or two CSI-processes should simply be configured for eIMTA. The first alternatively changes the CSI-process definition and requires additional specification changes compared to the second alternative. From the UE complexity perspective it is not clear if there is any major difference between these two approaches.

	QCOM
	On the first sub-bullet, if CoMP is also to be supported then the two measurement subsets should be linked to two different CSI processes in order to properly account for the CSI processing demand, especially with “Alt 3: UE reports CSI for both sets whenever two CSI measurement sets are configured”, which was discussed before.

For the second the sub-bullet, we don’t think it is necessary to relax CSI-IM configuration. With our proposal of fixed DL subframe based CSI measurement removal of the restriction is not necessary. Even if it is agreed to remove this restriction, in our view, it should be only for eIMTA capable UEs instead of all Rel-12 UEs and only in flexible subframes.

	ALU/ASB
	Our preference is to have two CSI processes for the two subframe sets. By doing so, the mechanism for supporting TM10 in Rel-11 can be largely reused, thus minimizing the specification impact. From the UE complexity point of view, we agree with TI that there is no major difference between these two approaches.

	Potevio
	We agree with this proposal. Which UEs follow the second sub-bullet should be discussed further.

	Huawei, HiSilicon
	For the first bullet, we share the similar view with TI and ALU, and we think that scheme of two CSI processes can be reused to support IMR configuration in different CSI measurement subframe sets, and this method could reduce the standard impact for eIMTA.

For the second bullet, there are two constraints in Rel-11 specifications. The first is that one IMR should be a subset of one ZP CSI-RS. The second is that all IMRs should be a subset of one virtual ZP CSI-RS. The second constraint needs to be removed to allow two IMRs to occur less than 5 ms apart. There is no reason to remove the first constraint for eIMTA operation. Therefore, we cannot agree with the last bullet at least for periodic CSI-IM. Aperiodic CSI-IM should be discussed before deciding on the last bullet.

	Broadcom
	We agree with the proposal.


Summary:

· For the first bullet, i.e. “In Rel-10, a UE can be configured with two CSI-IM resource configurations for a single CSI process ”
· Supported by: Panasonic, LGE, Intel, ZTE, Samsung (only for TDD eIMTA UEs), Sharp, CATT, Ericsson, NSN, Nokia, Potevio, Broadcom (12)
· Not supported by: ALU, ASB, Huawei, HiSilicon (4) 

· Further discussion: TI (1)

· For the second bullet, i.e. “In Rel-10, restriction that CSI IM configuration is a part of ZP CSI-RS is removed”
· Supported by: Panasonic, LGE (FFS which Rel-12 UEs), Intel (all Rel-12 UEs), Samsung (only for TDD eIMTA UEs), Sharp, CATT, Ericsson (all Rel-12 UEs), NSN  (FFS which Rel-12 UEs), Nokia  (FFS which Rel-12 UEs), Potevio (FFS which Rel-12 UEs), Broadcom (11)
· Not supported by: QC, Huawei, HiSilicon (3)

· Further discussion: ZTE (1)

Proposal 6:

Further discuss the following proposals

· 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

5 Other comments
This section is to capture any general comments that companies may have on CSI measurement and report for TDD eIMTA.

	Company name
	Comments and questions

	Panasonic
	We think whether and how to do periodic PUCCH reporting in flexible subframes need some discussions.

	LG Electronics
	The operation of periodic CSI report needs to be concluded because it also requires some RRC specification change.

	ZTE
	For periodic CSI, it may have different report/measurement instants for RI/CQI/PMI.  It may be hard to ensure the same interference type in the whole period time of getting the full CSI.  Therefore, it should be investigated whether / how we should support two subframe sets for periodic CSI. 

	Samsung
	We support periodic CSI for flexible subframes as it is not reasonable to base eIMTA only on A-CSI and require that a UE is first scheduled PUSCH before it can have proper link adaptation in DL flexible subframes (either for PDSCH or for PDCCH/EPDCCH).

	Sharp
	Further discussion is necessary for supporting periodic CSI reporting corresponding to the subframe types. We think fixed/flexible subframes and subframe types for periodic CSI reporting may be independent.

	CATT
	We prefer to use the existing periodic CSI reporting method defined in Rel. 10 CSI subframe measurement set mechanism for TDD eIMTA.

	Panasonic2
	To further clarify our view on periodic CSI reporting:

· Periodic CSI reports should be supported in any uplink subframe
There is no need to optimize for the case that a periodic CSI report occurs in a D/S subframe. In such a case, the corresponding report should be dropped.

	QCOM
	We prefer to use the existing CSI measurement and report mechanism with minor spec change for TDD eIMTA. The performance benefit and standardization impacts should be studied for any new proposals.

	Potevio
	We prefer to support periodic CSI for two subframe set and reuse existing periodic CSI reporting mechanism.


Summary: 
8 companies commented on periodic CSI reporting of two subframe sets for TDD eIMTA.

Proposal 7:

Further discuss periodic CSI reporting of two subframe sets for TDD eIMTA.
6 Summary
The following proposals are made according to the views expressed during this email discussion:
Proposal 1: 

Agree on the following as a working assumption:
· At least when a UE decodes explicit L1 signaling of reconfiguration correctly and detects a valid UL-DL configuration, the UE shall measure CSI only in subframes indicated as DL subframe or special subframe by the explicit L1 signaling of reconfiguration.
· FFS on which subframes to measure CSI in case UE does not receive the explicit L1 signaling of configuration correctly or does not detects a valid UL-DL configuration
Proposal 2: 

Agree on the following:
· Aperiodic CSI triggering for the CSI measurement subframe set(s) shall be supported for TDD eIMTA.
· Further study the corresponding details

Proposal 3: 

Further discuss the alternatives in R1-134905 to enable aperiodic CSI reporting of two subframe sets for TDD eIMTA.
Proposal 4: 

Further discuss the proposals in R1-134903.

Proposal 5:

Further discuss the following points

· Whether CSI subframe sets for TDD eIMTA is semi-statically or dynamically configured

· Whether CSI subframe sets shall be extended to secondary serving cell(s)

Proposal 6:

Further discuss the following proposals

· 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

Proposal 7:

Further discuss periodic CSI reporting of two subframe sets for TDD eIMTA.
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