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In previous RAN1 meeting, the following working assumption and agreements have been concluded:

Working Assumption:
· Aperiodic CSI-RS is triggered by RRC+DCI or RRC+MAC-CE+DCI
· If number of RRC configured resource sets across all CCs is less than 2N, RRC+DCI is used.  Otherwise, RRC+MAC-CE+DCI is used.
· FFS on the value of N
· The triggering is done per CSI-RS resource set

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
Agreement:
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



In addition, the following agreement has been achieved by email discussion [90b-NR-13]
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 this contribution, we discuss remaining issues for aperiodic CSI-RS triggering.
[bookmark: _Ref129681832]Discussion
According to the agreement of email discussion [90b-NR-13], the following can be concluded
· Aperiodic CSI-RS is triggered by RRC + DCI or RRC + MAC-CE + DCI
· The triggering is per CSI-RS resource set
· The omission of MAC CE depends on the N bitwidth and the number of RRC configured CSI triggering states
· The CSI triggering states correspond to both CSI report setting(s) and aperiodic CSI-RS resource set(s), thus joint triggering of aperiodic CSI and aperiodic CSI-RS is supported
However, for the CSI-RS resources including NZP CSI-RS for channel measurement (CMR), NZP CSI-RS for interference measurement (NZP IMR), and ZP CSI-RS for interference measurement (ZP IMR), the following remaining issues have to be addressed
· Detailed design of the CSI triggering states considering both CSI reporting and CSI-RS
· Triggering design for ZP CSI-RS and NZP CSI-RS
· How to support NZP CSI-RS based interference measurement per the agreement on CSI-RS triggering and the agreement on NZP CSI-RS resource for interference measurement, including the dynamic indication
· The determination of , according to the number of supported measurement hypothesis
AP CSI-RS resource set configuration
The design of CSI triggering states depends on the overall CSI acquisition framework configuration. As we have already proposed in our companion contribution [1], a typical CSI acquisition framework configuration consists of N CSI reporting settings, each of which can be associated with two Resource settings via two links (see Fig. 1). One Resource setting contains CSI-RS resource(s) for channel measurement, and the link associated with the CSI reporting setting and the Resource setting should be denoted as channel measurement. The other Resource setting contains CSI-RS resource(s) for interference measurement, and the link associated with the CSI reporting setting and the Resource setting should be denoted as interference measurement.
As there can be configured with multiple CSI-RS resource sets within one aperiodic Resource setting, and the aperiodic CSI-RS resource(s) is triggered per CSI-RS resource set. One potential design can be that at least one measurement hypothesis corresponds to one resource set.
In this case, the Resource setting for channel measurement can contain one or multiple CSI-RS resource sets (CMR set), which correspond to one or multiple channel measurement hypotheses. Each CSI-RS resource set includes a subset of the configured NZP CSI-RS resources for channel measurement.
Similarly, the Resource setting for interference measurement can contain one or multiple CSI-RS resource sets (IMR set), which correspond to one or multiple interference measurement hypotheses. Each CSI-RS resource set includes a subset of the configured NZP or ZP CSI-RS resources for interference measurement.


Fig 1. CSI-RS resource set configuration
The design of CSI triggering states
Based on the above configuration, one possible design of CSI triggering state should at least contain the information such as {CSI reporting setting, CMR resource set, IMR resource set}. In this case, a CSI request field (with 2-bitwidth) can be described as
Table 1. CSI request field and triggering state description
	Value of CSI request field
	Description

	'00'
	No CSI report is triggered

	'01'
	CSI report is triggered for 1st set of {CSI reporting setting, CMR set, IMR set}

	'10'
	CSI report is triggered for 2nd set of {CSI reporting setting, CMR set, IMR set}

	'11'
	CSI report is triggered for 3rd set of {CSI reporting setting, CMR set, IMR set}



Moreover, the CMR set(s) configured in the Resource setting for channel measurement can be associated with the IMR set(s) configured in the Resource setting for interference measurement. This one-to-one association between CMR set and IMR set represents a channel-interference measurement hypothesis. As shown in Fig. 2, a dashed block contains one CMR set and one IMR set, respectively. In this case, the corresponding CSI triggering state should at least contain the information such as {CSI reporting setting, CMR resource set}, and a CSI request field (with 2-bitwidth) can be described as
Table 2. CSI request field and triggering state description
	Value of CSI request field
	Description

	'00'
	No CSI report is triggered

	'01'
	CSI report is triggered for 1st set of {CSI reporting setting, CMR set}

	'10'
	CSI report is triggered for 2nd set of {CSI reporting setting, CMR set}

	'11'
	CSI report is triggered for 3rd set of {CSI reporting setting, CMR set}



[image: image002]
Fig 2. Associated CMR set and IMR set configuration and joint triggering
Proposal 1: NR supports a CSI triggering state including at least the {CSI reporting setting, CMR resource set}
· Additional IMR set information should be included, if no one-to-one association between CMR set and IMR set
The support for ZP CSI-RS based interference measurement
According to the agreed combination of CMR and (ZP) IMR for aperiodic CSI reporting, only the case of AP CMR with AP IMR is supported. In this case, the ZP IMR configured in the Resource setting for interference measurement can also be included in the IMR set with or without NZP CSI-RS resource(s). The aforementioned CSI-RS resource set configuration and (joint) triggering states design can well satisfy the aperiodic ZP CSI-RS based interference measurement.
Proposal 2: NR supports joint triggering for NZP CSI-RS for channel measurement and ZP CSI-RS for interference measurement.
The support for NZP CSI-RS based interference measurement
Based on the above AP CSI-RS resource set configuration, the NZP CSI-RS based interference measurement can be supported by configuring the NZP CSI-RS resource(s) for interference measurement into the IMR set(s). 
As mentioned above, at least one measurement hypothesis can correspond to one resource set. If a large number of NZP CSI-RS resource(s) for interference measurement are configured into one IMR set, there could potentially be more than one interference measurement hypothesis (e.g. different MU interference hypothesis) exist. To distinguish among different interference hypothesis, additional DCI bits can be introduced for indicating a subset of NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement.
Proposal 3: Additional DCI bits can be considered for indicating a subset of NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement.
Determination of  
According to the latest agreement, the value of Nmax is to be down selected from {3, 4, 5, 6, 7, 8}, taking into account both carrier aggregation and MIMO aspects. Since there is an analogy between the currently agreed NR approaches for joint triggering of CSI reporting and CSI-RS transmission, and that of the LTE, the starting value for further discussion on Nmax should at least be 5. On the other hand, it should be noted that there are additional features in NR, which include
· larger number of (aperiodic) CSI reporting settings to be configured/triggered
· larger number of channel/interference measurement hypotheses to be configured
In this regard, Nmax should be larger than 5 actually, in NR, NZP CSI-RS also can be used for interference measurement, there will be much more hypotheses for the channel and interference measurement. In our understanding, to enable the flexibility of channel and interference measurement, the maximum number of Nmax should be 8, where consider each CC with up to 8 CSI measurement and reporting states for different hypotheses. 
[bookmark: _GoBack]Proposal 4: NR supports Nmax = 8 for enable the flexibility of channel and interference measurement considering CCs and MIMO aspects.   
Conclusions
This contribution discussed the remaining issues of CSI acquisition framework. The proposals are summarized as follows:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: NR supports a CSI triggering state including at least the {CSI reporting setting, CMR resource set}
· Additional IMR set information should be included, if no one-to-one association between CMR set and IMR set
Proposal 2: NR supports joint triggering for NZP CSI-RS for channel measurement and ZP CSI-RS for interference measurement.
Proposal 3: Additional DCI bits can be considered for indicating a subset of NZP CSI-RS resource(s) within a CSI-RS resource set for interference measurement.
Proposal 4: NR supports Nmax =8 for enable the flexibility of channel and interference measurement considering CCs and MIMO aspects.   
References
Huawei, HiSilicon, “Remaining issues for CSI framework”, R1-1719426, Reno, USA, November 27th – December 1st, 2017.
image2.png
DT signalli:

ST report

Channel

CSI Reporting
Setting 0

Interference

Resowce
Setting 1

One NZP CSI-RS for
channel messurement
NIP CSI-RS for
interference
overlap.

One NZP €S
chennel messurene

multiple NZP CSI-RS
for imterference
overlap.

One NZP CSI-RS for
channel messurement
essociates with
multiple NZP CSI-RS
for imterference
measurement, where
overlapped.





image1.emf
CSI Reporting 

Setting 0

Resource 

Setting 0

Resource 

Setting 1

Channel

Interference

Set 0-1 Set 0-2

Set 1-1 Set 1-2

CSI-RS/IM 

configuration #0

CSI-RS/IM 

configuration #1

CSI report

One ZP CSI-RS for  

interference 

measurement

One NZP CSI-RS for 

interference 

measurement

Set 0-3

CSI-RS/IM 

configuration #2

Multiple NZP CSI-RS for 

channel measurement  

One NZP CSI-RS for 

channel measurement 

One NZP CSI-RS for 

channel measurement 

Set 1-2

One ZP and one NZP CSI-RS 

for interference 

measurement


Microsoft_Visio_Drawing11.vsdx
CSI Reporting Setting 0
Resource Setting 0
Resource Setting 1
Channel
Interference
Set 0-1
Set 0-2
Set 1-1
Set 1-2

CSI-RS/IM configuration #0
CSI-RS/IM configuration #1
CSI report
One ZP CSI-RS for  interference measurement
One NZP CSI-RS for interference measurement
Set 0-3
CSI-RS/IM configuration #2
Multiple NZP CSI-RS for channel measurement
One NZP CSI-RS for channel measurement
One NZP CSI-RS for channel measurement
Set 1-2
One ZP and one NZP CSI-RS for interference measurement



