


[bookmark: _GoBack]3GPP TSG-RAN WG1 #91	R1-1720733
Reno, USA, November 27th – December 1st, 2017

Source:	Ericsson
Title:	On remaining details of CSI measurement
Agenda Item:	7.2.2.1
Document for:	Discussion and Decision

Introduction
In RAN1 #90bis, the following agreements and working assumptions were made on non-PMI feedback and NZP CSI-RS and ZP CSI-RS based interference measurement resource (IMR):
Agreement:
For non-PMI feedback, support the following port index indication method:
· Port index indication is signalled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank
· Identity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework
Agreement:
A set of NZP CSI-RS resource(s) is configured to a UE for channel and interference measurements, where
· A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement
· Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement
· FFS: Whether the DCI indication is the dynamic triggering of one or multiple CSI reporting setting(s) or not
· FFS: some CSI-RS resource(s) from two NZP CSI-RS resource subsets can be overlapped or not
· UE assumes each port of channel measurement NZP CSI-RS resource(s) corresponds to a desired layer if no PMI and RI feedback
Working Assumption:
For ZP CSI-RS based IMR, support (2,2) and (4,1) which are configurable by RRC signalling
· Note: Study until next meeting whether support of both (2,2) and (4,1) are both necessary. If not, RRC configurability will be removed.

In this contribution, we discuss our views on the remaining details of the topics.
[bookmark: _Ref178064866]Discussion
Port indication for non-PMI feedback
Although it was agreed that for non-PMI CSI feedback, port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank, exactly how to configure the port index by RRC is still to be determined. We see two possible options for port index indication, i.e.
· Option 1: a single port index indication for all ranks
· Option 2: one port index indication per rank
With option 1, for a CSI-RS resource of P ports with port index , a single bit map   can be used to indicate N  ports in the CSI-RS resource to be used for non-PMI CSI feedback, where  is the maximum rank the is configured to report CSI feedback for.  Each bit in the bit map is associated with a port in the CSI-RS resource.  For example,   is associated with port  and port  is selected if .  There are bits in the bit map which are set to 1.

Option 1 assumes a rank-nested property, in which for rank , the UE assumes the first k of the N ports for CQI calculation. So if the N selected ports are  , where  , then for rank k transmission, port } are used, i.e.  a precoding matrix   over the N selected ports is assumed, where is a length-N column-vector where its -th element is 1 for  (), and 0 otherwise.  The -th element of  is associated with port .  An example of option 1is shown in Figure 1, where 4 ports are selected from an 8-port CSI-RS resource.  
p0    p1    p2   p3   p4    p5    p6   p7
8 ports CSI-RS resource
Rank 1:
p0  
Rank 2:
p0    p1                                
Rank 3:
p0    p1                                   p6   
p0    p1                                   p6    p7
Rank 4:
bitmap:    {1    1    0    0    0   0     1    1}
Selected ports: {p0, p1, p6, p7}

[bookmark: _Ref498431952]Figure 1: Option 1 with a single port index indication.
[bookmark: _Toc498718054]Option 1 provides a simple port indication for non-PMI feedback but limits the gNB to perform rank-nested precoding
With option 2, one port indication per rank is signalled to a UE, using a separate size-P bitmap for each rank, and different ports may be selected for different ranks. An example is shown in Figure 2. 
One use case for option 2 is to allow for non-rank-nested precoding to be used by the gNB. For example, if more advanced precoding such as MMSE, SLNR or ZF precoding is used by the gNB, the precoder hypotheses for each rank may not necessarily be rank-nested. For instance, an example rank-1 precoder may be expressed as  while the corresponding rank-2 precoder may be expressed as. Clearly the rank-1 precoder is not nested in the rank-2 precoder. Hence, the same CSI-RS ports cannot be used for both rank-1 and rank-2 precoder hypotheses, instead, separate CSI-RS ports must be used.  For instance, p0 can be used for rank-1 while {p1,p2} can be used for rank-2. This of course increases the CSI-RS overhead, but the overhead increase may be limited if the UE only supports a maximum of 2 or 4 layers.
The cost for this additional flexibility is that the RRC signalling overhead increases by a factor . However, as this is RRC signalling, the additional overhead is still rather small in comparison and should not be a driving factor in the decision of what signalling scheme should be supported.
[bookmark: _Toc498718055]Option 2 is more flexible and allows the gNB to use non-rank nested precoding, at the cost of slightly increased RRC signalling overhead

p0    p1    p2   p3   p4    p5    p6   p7
8 ports CSI-RS resource
Rank 1:
p0  
Rank 2:
p1     p2                                
Rank 3:
p3    p4   p5   
p4    p5      p6    p7
Rank 4:
Bitmap:  1  0  0  0  0  0  0  0
Bitmap:  0  1  1  0  0  0  0  0
Bitmap:  0  0  0  1  1  1  0  0
Bitmap:  0  0  0  0  1  1  1  1

[bookmark: _Ref498432904]Figure 2: Option 2 with per rank port index indication.
Thus, in order support CQI feedback for non-rank-nested precoding, option 2 is preferred.
[bookmark: _Toc498442337][bookmark: _Toc498456805][bookmark: _Toc498694348][bookmark: _Toc498703847][bookmark: _Toc498708492][bookmark: _Toc498718059][bookmark: _Toc498725186]Support defining a separate bitmap for port index indication per rank for non-PMI feedback
With current non-PMI feedback, the UE performs rank adaptation by measuring the precoder hypothesis for each rank and determines the preferred RI by also taking into account the interference level. Since different ranks are optimal in different SINR regions, it is difficult for the gNB to a priori determine the optimal transmission rank for each UE. Hence, the RI feedback by the UE is useful in most cases. However, in some cases, the gNB may have pre-scheduled the UE with a certain rank and would like a CQI report for only that rank, i.e. it’s not desired that the UE shall perform rank adaptation. This mode of operation is actually already supported by the agreed CSI framework. The gNB could configure several CSI report settings pointing to the same CSI-RS resource, but each with a separate rank restriction indicating only one allowed rank. For instance, CSI Report Setting #1 could be rank-1 only, CSI Report Setting #2 could be rank-2 only and so forth. The gNB then triggers the CSI report for the pre-scheduled rank and receives a CQI report corresponding to that rank. As RI payload depends on rank restriction, no RI would be fed back in this case.
[bookmark: _Toc498718056]gNB can turn off UE rank adaptation in CSI report so as to only receive a CQI for the pre-scheduled rank by configuring rank restriction
Triggering of aperiodic IMRs
NZP CSI-RS based IMR
In RAN1#90bis, it was agreed that for NZP CSI-RS based IMR, a UE is configured with a set of NZP CSI-RS resource(s). A subset of the set of NZP CSI-RS resource(s) are for channel measurement and another subset of the set of NZP CSI-RS resource(s) are for interference measurement. Network indicates via DCI the subset of NZP CSI-RS resource(s) for channel measurement and the subset of CSI-RS resource(s) for interference measurement.
However, how the resource configuration and signaling are done under the CSI framework is still unclear.  In RAN1#90bis, it was agreed as a working assumption that for aperiodic CSI, the triggering is done per CSI-RS resource set. In the post RAN1#90bis email discussion, the following agreement was reach on aperiodic CSI triggering:
Agreements:
Confirm the working assumption with the following refinement 
· N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
· Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
· Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
· When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
· If Sc <2^N, MAC CE activation does not apply 
· The first code point is mapped to “no CSI request” 

Based on the above agreements, it makes sense that “the DCI indication” is part of the aperiodic triggering where both the NZP CSI-RS resource set for channel measurement and the NZP CSI-RS resource set(s) for interference measurement are included as part of a CSI triggering state. 
[bookmark: _Toc498718057]It is natural that the DCI indication for the subset of NZP CSI-RS resource(s) for channel or interference measurement is the same as the aperiodic CSI triggering 
There can be more than one NZP CSI-RS resource sets as IMR for a given NZP CSI-RS for channel measurement.  A NZP CSI-RS resource set can be for either channel or interference measurement, so it can be present in the resource settings for both channel and interference measurements as shown in Figure 3. 

[bookmark: _Ref498438104]Figure 3: Supporting of NZP CSI-RS as IMR in the current CSI framework.
[bookmark: _Toc498442338][bookmark: _Toc498456806][bookmark: _Toc498694349][bookmark: _Toc498703848][bookmark: _Toc498708493][bookmark: _Toc498718060][bookmark: _Toc498725187]Use the same mechanism of aperiodic CSI triggering for indicating the subset of NZP CSI-RS resource(s) for channel and the subset of NZP CSI-RS resource(s) for interference measurement. Clarify that “subsets” in previous agreement refers to “sets” in the CSI framework.
ZP CSI-RS based IMR (CSI-IM)
According to RAN1 agreement in RAN1#88bis Spokane, aperiodic ZP CSI-RS based IMR (CSI-IM) is supported:
Agreements:
· Aperiodic IMR is triggered by DCI.
· Herein the IMR refers to ZP CSI-RS based IMR. Other types of IMR are FFS
· FFS: use of MAC CE to reduce the set of candidate IMRs among the resources configured in RRC.   
· FFS whether or not to jointly trigger aperiodic NZP CSI-RS and/or aperiodic ZP CSI-RS 
· FFS: semi-persistent IMR is activated/deactivated by MAC CE or DCI.

Since then, RAN1 discussions have focused on NZP-based IMR, and details of aperiodic CSI-IM are still missing. In our view, aperiodic CSI-IM should be triggered jointly with aperiodic NZP CSI-RS. To fill the spec holes, it should be enough to clarify that an aperiodic CSI-IM is triggered with a codepoint in the CSI request field:
[bookmark: _Toc498694350][bookmark: _Toc498703849][bookmark: _Toc498708494][bookmark: _Toc498718061][bookmark: _Toc498725188]Clarify that a codepoint of the CSI request field can trigger one or more CSI report setting, where for each CSI report setting there can be one or more of
i. [bookmark: _Toc498694351][bookmark: _Toc498703850][bookmark: _Toc498708495][bookmark: _Toc498718062][bookmark: _Toc498725189]An aperiodic NZP-CSI RS set for channel measurement
ii. [bookmark: _Toc498694352][bookmark: _Toc498703851][bookmark: _Toc498708496][bookmark: _Toc498718063][bookmark: _Toc498725190]An aperiodic NZP CSI-RS set for interference measurement
iii. [bookmark: _Toc498725191][bookmark: _Toc498694353][bookmark: _Toc498703852][bookmark: _Toc498708497][bookmark: _Toc498718064]An aperiodic CSI-IM 
SP CSI-IM activation
For semi-persistent CSI-IM, it has been agreed that it can only be used in conjunction with semi-persistent CMR:
For ZP CSI-RS based IMR, following combinations of P/SP/AP CMR and IMR are supported
For semi-persistent CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	NO


For aperiodic CSI reporting,
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	YES
	NO
	NO

	SP IMR
	NO
	YES
	NO

	AP IMR
	NO
	NO
	YES



That is, there must always be both an SP NZP CSI-RS and an SP CSI-IM present for the UE to measure on, if measurements are done on SP resources. It was agreed last meeting that SP NZP CSI-RS is activated via MAC CE. Thus, it makes sense to also activate the corresponding SP CSI-IM in the same MAC CE message, i.e. using a joint activation. The alternative is to define a separate activation message, either via MAC CE or DCI, for activating SP CSI-IM. However, that could lead to a situation where only one of the NZP and CSI-IM is activated, making CSI reports impossible. Such a state should be avoided. While it is acknowledged that SP NZP CSI-RS activation may not always require a corresponding CSI-IM, since the SP NZP CSI-RS may be used for e.g. beam management purposes only, this does not motivate a separate activation message for the SP CSI-IM. Rather, the activation of a SP CSI-IM can be optional in the MAC CE message activating a NZP CSI-RS resource set.
[bookmark: _Toc498694354][bookmark: _Toc498703853][bookmark: _Toc498708498][bookmark: _Toc498718065][bookmark: _Toc498725192]Support joint activation of SP CSI-IM in the same message that activates a SP NZP CSI-RS resource set
Remaining details on ZP CSI-RS based IMR (CSI-IM)
It was agreed in RAN1#90bis that for ZP CSI-RS based IMR (CSI-IM), support (2,2) and (4,1) which are configurable by RRC signalling. The remaining question is whether it is necessary to support both (2,2) and (4,1). 
When CSI-IM is used for inter-cell interference measurement, it is desirable to collide the CSI-IM with PDSCH in neighbour cells so that the actual interference on PDSCH can be measured. This can be achieved by proper CSI-RS resource allocation between neighbour cells so that CSI-IM resource in one cell is not overlapped with NZP CSI-RS resource in any neighbour cell.  In this case, the RE pattern for CSI-IM is not critical, both (2,2) and (4,1) should be fine.  The benefit of using (2,2) is that interference over two OFDM symbols can be averaged in case of scheduling with min-slots while for (4,1), since PRB is the minimum scheduling unit, there is less interference averaging.  
[bookmark: _Toc498718058]CSI-IM with (2,2) pattern could provide better interference averaging than (4,1) pattern.
On the other hand, in LTE, CSI-IM and ZP CSI-RS used the same RE pattern and ZP CSI-RS was used to improve channel estimation in CoMP operation by muting some serving cell PDSCH REs to match the NZP CSI-RS resources in adjacent cells.  If this hold true also in NR, it might be more flexible to have both CSI-IM / ZP CSI-RS patterns. However, this may not be the case, and the patterns for CSI-IM and ZP-CSI-RS / rate matching resource may be different.  Hence, the CSI-IM patterns does not need to be decided considering also PDSCH rate matching.
Therefore, we have the following proposal:
[bookmark: _Toc498442339][bookmark: _Toc498456807][bookmark: _Toc498694355][bookmark: _Toc498703854][bookmark: _Toc498708499][bookmark: _Toc498718066][bookmark: _Toc498725193] Support (2,2) for ZP CSI-RS as IMR for better interference averaging.
UE procedure for interference measurement
Prior to introduction of TM10 in LTE, interference measurement for CSI acquisition was left entirely to UE implementation and was not described in the specification. Then, in TM10, the CSI-IM was introduced which specified in which time-frequency resource the UE should measure the interference for CSI purpose. However, the UE procedure for determining the interference measurement is very briefly mentioned in TS 36.213:
“the UE shall derive the interference measurement for computing the CQI value based on the CSI-IM associated with the CSI-RS”
In NR though, as interference measurements can be based on multiple NZP CSI-RS resources and a CSI-IM resource simultaneously, the UE procedure on how these different resources should be combined to create one interference measurement needs to be clarified to ensure predictable UE behaviour.
In RAN1#90-AH3 Qingdao, it was decided that:
Agreement:
UE can be configured with a set of NZP CSI-RS ports for interference measurement
· Downselect in next meeting for the following schemes:
· Alt.1, a single CSI-RS resource for both channel and interference measurement
· Alt.2, separately configured CSI-RS resources for channel and interference measurement
· UE shall assume each port in the set corresponds to an interference layer

Since then it has been decided that the ports for interference measurement can be comprised in different NZP CSI-RS resources, but regardless, the UE is indicated a set of NZP CSI-RS ports where each port is an interference layer. Since different CSI-RS resources may have different Pc, there needs to be some rule of how the resources shall be combined. For instance, if , are estimated channels, each associated with one  of the N NZP CSI-RS resources signalled as IMR,  is the ratio of PDSCH EPRE to NZP CSI-RS EPRE for resource  and  is the interference covariance estimate from the CSI-IM (where  is the received signal on CSI-IM RE k), the total interference covariance matrix used for CQI calculation can be expressed as

Naturally, such an equation shouldn’t be included in the specification, but the assumptions that the UE should make for combining the interference estimates from CSI-IM and multiple NZPs in such a way should be captured. 
[bookmark: _Toc498694356][bookmark: _Toc498703855][bookmark: _Toc498708500][bookmark: _Toc498718067][bookmark: _Toc498725194]UE shall assume for CQI calculation that interferences measured on each linked CSI-IM and NZP CSI-RS are accumulated, where UE shall account for Pc of NZP CSI-RS resource in the accumulation.
The size of CSI request field
In the post RAN1#90bis email discussion, the following agreement was reach on aperiodic CSI triggering on DCI, where the value of Nmax is to be decided in this meeting.  
Agreements:
· Confirm the working assumption with the following refinement 
- N = {0, 1, 2, …, Nmax}  is configurable via RRC signaling 
  - Decide in RAN1#91 the value of Nmax from one of {3,4,5,6,7,8} taking into account both carrier aggregation and MIMO aspects 
  - Note: N is the bitwidth of a CSI request field in DCI which includes signaling at least the triggering of CSI report setting(s) and/or aperiodic CSI-RS resource set(s) for channel and/or interference measurement on one or more CCs. 
- When the number of RRC configured CSI triggering states for the CSI request field Sc >2^N–1, MAC CE activation signaling maps the (2^N–1) code points of the CSI request field to a subset of the Sc RRC configured CSI triggering states. 
  -  If Sc <2^N, MAC CE activation does not apply 
- The first code point is mapped to “no CSI request” 
In a companion paper [2], we have discussed various scenarios and use cases on aperiodic CSI reporting. Based on the discussion in [2] we have the following proposal:
[bookmark: _Toc498725195]The bit width N of the CSI request field in non-fallback DCI is RRC configurable in the range {0,1,2, … Nmax } where Nmax = 6 bits.
Conclusions
In this contribution, we made the following observations:
Observation 1	Option 1 provides a simple port indication for non-PMI feedback but limits the gNB to perform rank-nested precoding
Observation 2	Option 2 is more flexible and allows the gNB to use non-rank nested precoding, at the cost of slightly increased RRC signalling overhead
Observation 3	gNB can turn off UE rank adaptation in CSI report so as to only receive a CQI for the pre-scheduled rank by configuring rank restriction
Observation 4	It is natural that the DCI indication for the subset of NZP CSI-RS resource(s) for channel or interference measurement is the same as the aperiodic CSI triggering
Observation 5	CSI-IM with (2,2) pattern could provide better interference averaging than (4,1) pattern.

[bookmark: _In-sequence_SDU_delivery]We make the following additional proposals: 
Proposal 1	Support defining a separate bitmap for port index indication per rank for non-PMI feedback
Proposal 2	Use the same mechanism of aperiodic CSI triggering for indicating the subset of NZP CSI-RS resource(s) for channel and the subset of NZP CSI-RS resource(s) for interference measurement. Clarify that “subsets” in previous agreement refers to “sets” in the CSI framework.
Proposal 3	Clarify that a codepoint of the CSI request field can trigger one or more CSI report setting, where for each CSI report setting there can be one or more of
i.	An aperiodic NZP-CSI RS set for channel measurement
ii.	An aperiodic NZP CSI-RS set for interference measurement
iii.	An aperiodic CSI-IM
Proposal 4	Support joint activation of SP CSI-IM in the same message that activates a SP NZP CSI-RS resource set
Proposal 5	Support (2,2) for ZP CSI-RS as IMR for better interference averaging.
Proposal 6	UE shall assume for CQI calculation that interferences measured on each linked CSI-IM and NZP CSI-RS are accumulated, where UE shall account for Pc of NZP CSI-RS resource in the accumulation.
Proposal 7	The bit width N of the CSI request field in non-fallback DCI is RRC configurable in the range {0,1,2, … Nmax } where Nmax = 6 bits.
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