3GPP TSG RAN WG1 Meeting #86



  

R1-166841
Gothenburg, Sweden 22nd - 26th August 2016
______________________________________________________________________ Agenda item: 7.2.4.1.2
Source: LG Electronics

Title: Remaining details on beamformed CSI-RS enhancements
Document for: Discussion and Decision
1. Introduction

In RAN1#85 meeting, a WF on beamformed CSI-RS enhancements [1] was discussed and agreed as follows:
	Agreement:

· Scheme 1: Aperiodic NZP CSI-RS resource is supported in Rel-14 for Class B eMIMO-Type, where

· Only PUSCH based A-CSI reporting is supported.

· A new aperiodic CSI-RS resource allocation/configuration is defined

· Without Subframe_config
· Aperiodic CSI-RS transmission instance is indicated by UL-related DCI transmitted on a control channel with a CSI request field:

· Aperiodic CSI-RS transmission is in the same DL subframe as the associated UL-related DCI

· FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details
· FFS the number of bits for the CSI request field
· The control channel can be PDCCH or EPDCCH. FFS whether or not the case of EPDCCH can be precluded or with some restrictions/relaxations
· FFS whether or not periodic CSI-RS can be additionally configured
· Scheme 2: For Class B eMIMO-Type, the following CSI-RS resource configuration mechanism is supported 

· A UE receives an activation/release trigger containing a choice from multiple higher-layer-configured NZP CSI-RS resources for a given CSI process

· Each NZP CSI-RS resource can be either periodic or, aperiodic CSI-RS resource (if scheme 1 is supported)

· Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS
· For an activation trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will start no earlier than subframe n+X where X>0

· For a release trigger received in subframe n, the transmission of the associated NZP CSI-RS resource will stop after subframe n+Y where Y>0

· FFS the impact of multi-shot configuration, if supported
· FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them
· FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping
· FFS the QCL details
· Down-selection between scheme 1 and scheme 2 (if any) to be discussed in RAN1#86


In this contribution, we discuss remaining details on beamformed CSI-RS for eFD-MIMO based on the above agreements.
2. Discussion 
Remaining details on Scheme 1
Regarding “FFS whether or not the UE may not assume more than one aperiodic NZP CSI-RS resource. If more than one resource is allowed, FFS the signaling details”, our view is that allowing more than one aperiodic NZP CSI-RSs to be triggered in the same subframe is beneficial at least for Class B K>1 operations in order to derive CRI by measuring multiple BF CSI-RSs without measurement timing mismatch. This operation can be readily supported by clarifying that all the aperiodic CSI-RSs configured in the indicated CSI process index(es) of the A-CSI request field in UL grant are transmitted in the same subframe on which the UL grant is received. In order not to require excessive UE implementation complexity for this operation, it would be beneficial that UE capability signaling is supported w.r.t. the maximum allowable aperiodic CSI-RSs which can be triggered in the same subframe, so that the UE can only update corresponding CSIs for the maximum number of aperidic CSI-RS resources.
Observation 1: Allowing more than one aperiodic NZP CSI-RSs to be triggered in the same subframe is beneficial at least for Class B K>1 operations in order to derive CRI by measuring multiple BF CSI-RSs without measurement timing mismatch.

Proposal 1: It is clarified that all the aperiodic CSI-RSs configured in the indicated CSI process index(es) of the A-CSI request field in UL grant are transmitted in the same subframe on which the UL grant is received.

Regarding “FFS the number of bits for the CSI request field”, our preference is to have 2-bits for the A-CSI request field as supported in the current specification, which is beneficial to be jointly applicable with CoMP and CA operations as well. Although we may consider to strictly limit to only 1-bit field for the operation in Rel-14 for simplicity, we believe, in conjunction with the UE capability signaling mentioned above, the UE-side complexity can be managed by signaling the corresponding UE capability.

Proposal 2: 2-bit A-CSI request field for Scheme 1 is beneficial to be jointly applicable with CoMP and CA operations, in conjunction with UE capability signaling on the maximum supported number of measurable aperiodic CSI-RSs in a subframe.

Regarding “FFS whether or not the case of EPDCCH can be precluded or with some restrictions/ relaxations”, we slightly prefer more to using only legacy PDCCH for triggering such aperiodic CSI-RS transmissions in order to have more CSI processing time at the UE side. Since legacy PDCCH region is strictly limited up to first 4 OFDM symbols in a given subframe, it is guaranteed that the CSI processing time can start after the legacy PDCCH region, compared to the EPDCCH region allocated up to the last OFDM symbol in the subframe.
Proposal 3: Using only legacy PDCCH for triggering aperiodic CSI-RS transmissions is more preferred in order to have more CSI processing time at the UE side.

Regarding “FFS whether or not periodic CSI-RS can be additionally configured”, this should be supported, in that there is no compelling reason to exclude possible configurations of periodic CSI-RSs whenever at least one aperiodic CSI-RS is configured for UE. We think this mixed configuration on periodic and aperiodic CSI-RSs can even be configured within the same CSI process, since there is no ambiguity based on the above mentioned procedures to derive CRI for the case of Class B K>1. Therefore, it would be desired to let eNB have this configurability for better network implementation flexibility. 

Proposal 4: The possible mixed configuration on periodic and aperiodic CSI-RSs should be supported even within a CSI process for better network implementation flexibility.

Remaining details on Scheme 2
Regarding “Details of the activation/release trigger (including the set of NZP CSI-RS resource configuration parameters) are FFS”, our view is that all the CSI-RS parameters should at least be able to turn ON or OFF, similar to the existing L2-level activation/deactivation behavior in CA, in order to achieve CSI-RS overhead control in relatively longer interval than Scheme 1. In addition to this basic ON/OFF mechanism, we can add features to only re-set “some of the CSI-RS parameters” to be jointly used for Scheme 1, i.e., some CSI-RS parameters can be re-set by Scheme 2 via L2 signaling and the actual CSI-RS transmission instance is indicated by Scheme 1 via L1 signaling. More specifically, the signaling detail for Scheme 2 is desired to be base MAC CE messages, which is not requiring an additional DCI field and is more reliable than L1 signaling since ACK/NACK can be fed back from UE so that eNB can have confirmation on changing the CSI-RS parameters.

Proposal 5: All the CSI-RS parameters should at least be able to turn ON or OFF for Scheme 2, similar to the existing L2-level activation/deactivation behavior in CA, in order to achieve CSI-RS overhead control in relatively longer interval than Scheme 1. In addition to the basic ON/OFF mechanism for Scheme 2, features to only re-set some of the CSI-RS parameters can be added, in order to be jointly used with Scheme 1.

Regarding “FFS the impact of multi-shot configuration, if supported”, our view is the multi-shot configuration for Scheme 2 is not desirable in that this would require at least 2-bit additional DCI field to flexible indicate multi-shot CSI-RS transmissions, e.g., no CSI-RS, 1-shot CSI-RS, 2-shot CSI-RS, and so on. As we mentioned above, L2 level signaling would be sufficient for Scheme 2 which does not require any additional DCI size increment, and activation/release messages are more flexible to be used for CSI-RS overhead control.
Proposal 6: Multi-shot configuration for Scheme 2 is not desirable in that this would require at least 2-bit additional DCI field to flexible indicate multi-shot CSI-RS transmissions. L1 signaling for Scheme 2 is not preferred.
Regarding “FFS whether or not there are any significant issues regarding the potential misalignment about activation and/or release between eNB and UE, and if so, how to address them”, as mentioned before, MAC CE based L2 signaling would bring more reliable way of control signal exchanges since this controlling message is carried by a normal PDSCH, followed by HARQ ACK/NACK feedback on whether the UE successfully decoded the message or not. Note this kind of mechanism is already well defined in the current specification regarding CSI by Scell activation for CA, so that it can be reused without having additional DCI payload for Scheme 2. On the contrary, L1 signaling for Scheme 2 has an issue of potential misalignment about activation and/or release between eNB and UE, when the UE fails to decode the corresponding DCI, which would result in subsequent wrong measurements on CSI-RS REs, actually released by eNB.

Regarding “FFS whether or not to further enhance rate matching for PDSCH, particularly whether or not aperiodic NZP CSI-RS will not have impact on PDSCH RE mapping”, this enhancement on rate matching for PDSCH should be properly supported in order to obtain benefits from CSI-RS overhead saving by Schemes 1 and 2. Note the current PDSCH RE mapping indication in TM10 is based on DCI signaling by PQI field, where dynamic ZP CSI-RS indication is provided for UE to follow which one of RRC-configured ZP CSI-RS resources is applied on the same subframe, on which the DCI is transmitted. To support enhanced rate matching for Schemes 1 and 2 for CSI-RS overhead control, the PQI field can be reused at least for TM10. In other words, PQI field indicates aperiodic ZP CSI-RS that UE use for rate matching at the subframe where PQI is signaled. UE may be able to distinguish periodic ZP CSI-RS and aperiodic ZP CSI-RS based on the existence of Subframe_config in ZP CSI-RS configuration. One issue on this approach is the number of aperiodic ZP CSI-RSs that can be dynamically indicated is limited to 4 due to 2 bit PQI field. If more aperiodic ZP CSI-RS needs to be signaled, MAC CE based L2 signaling can be used in such a way that it reconfigures applied RE pattern of aperiodic ZP CSI-RS or it reconfigures mapping on aperiodic ZP CSI-RS in each PQI state. For TM9, we can introduce a new DCI field similar to PQI, having at least ZP CSI-RS indication field only for the purpose of rate matching for aperiodic CSI-RS.
Proposal 7: It should be considered to use PQI field for data rate matching on aperiodic NZP CSI-RS.
Regarding “FFS the QCL details”, our view is the existing legacy QCL behaviors can be applied as it is, if a periodic CSI-RS is used for the QCL indication in DCI by eNB implementation, even when an aperiodic CSI-RS based CSI measurement and feedback is used for scheduling the DMRS-based PDSCH. For this case, in the UE implementation perspective, UE should be able to exclude possible cases that an aperiodic CSI-RS resource is indicated in PQI, which needs to be supported by specification so that the UE is not expected such cases. Or, we can consider to allow an aperiodic CSI-RS resource can also be indicated in PQI, by clarifying that the applicable QCL properties can be inferred from the linked CRS, not the aperiodic CSI-RS itself, due to the lack of the aperiodic CSI-RS density.

Proposal 8: It needs to be clarified whether only periodic CSI-RS can be indicated in the PQI field, even when the PDSCH is scheduled based on CSI reporting by measuring an aperiodic CSI-RS resource.

Based on the discussions above, the agreed Schemes 1 and 2 shall be supported both, unless critical issues or duplications between the features are found. Summarizing, Scheme 1 is only for aperiodic CSI-RS resources, but Scheme 2 is for both periodic and aperiodic CSI-RS enhancements. While Scheme 1 is based on L1 signaling, Scheme 2 is desired to be defined based on L2 signaling without adding additional DCI payload. Provided that the signaling detail of Scheme 2 is based on MAC CE delivery, the contents of this L2 message can be flexible, such as at least having all the CSI-RS parameters turned ON or OFF, and having some of the CSI-RS parameters re-set for being jointly used with Scheme 1.
Proposal 9: Based on the discussions above, the agreed Schemes 1 and 2 shall be supported both, unless critical issues or duplications between the features are found.

3. Conclusion
In this contribution, we discussed remaining details on beamformed CSI-RS for eFD-MIMO. The observation and proposals based on the discussion are given below:
Remaining details on Scheme 1
Observation 1: Allowing more than one aperiodic NZP CSI-RSs to be triggered in the same subframe is beneficial at least for Class B K>1 operations in order to derive CRI by measuring multiple BF CSI-RSs without measurement timing mismatch.

Proposal 1: It is clarified that all the aperiodic CSI-RSs configured in the indicated CSI process index(es) of the A-CSI request field in UL grant are transmitted in the same subframe on which the UL grant is received.
Proposal 2: 2-bit A-CSI request field for Scheme 1 is beneficial to be jointly applicable with CoMP and CA operations, in conjunction with UE capability signaling on the maximum supported number of measurable aperiodic CSI-RSs in a subframe.

Proposal 3: Using only legacy PDCCH for triggering aperiodic CSI-RS transmissions is more preferred in order to have more CSI processing time at the UE side.

Proposal 4: The possible mixed configuration on periodic and aperiodic CSI-RSs should be supported even within a CSI process for better network implementation flexibility.

Remaining details on Scheme 2
Proposal 5: All the CSI-RS parameters should at least be able to turn ON or OFF for Scheme 2, similar to the existing L2-level activation/deactivation behavior in CA, in order to achieve CSI-RS overhead control in relatively longer interval than Scheme 1. In addition to the basic ON/OFF mechanism for Scheme 2, features to only re-set some of the CSI-RS parameters can be added, in order to be jointly used with Scheme 1.

Proposal 6: Multi-shot configuration for Scheme 2 is not desirable in that this would require at least 2-bit additional DCI field to flexible indicate multi-shot CSI-RS transmissions. L1 signaling for Scheme 2 is not preferred.

Proposal 7: It should be considered to use PQI field for data rate matching on aperiodic NZP CSI-RS.
Proposal 8: It needs to be clarified whether only periodic CSI-RS can be indicated in the PQI field, even when the PDSCH is scheduled based on CSI reporting by measuring an aperiodic CSI-RS resource.

Proposal 9: Based on the discussions above, the agreed Schemes 1 and 2 shall be supported both, unless critical issues or duplications between the features are found.
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