3GPP TSG RAN WG1 Meeting #92	R1-1802747
Athens, Greece, 26th February – 2nd March 2018

Source:	Ericsson
Title:	Joint activation of aperiodic/semi-persistent CSI-IM and ZP CSI-RS
[bookmark: _GoBack]Agenda Item:	7.1.2.2.6
Document for:	Discussion and Decision
Introduction
In RAN1 AdHoc 1801, the following agreements were made:
Agreement: 
CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources.
Note that the above agreement has no additional specification impact
Agreement:
Semi-persistent ZP CSI-RS is supported, and its activation/deactivation is informed by MAC CE.

Agreement:
· Indication mechanism of aperiodic ZP CSI-RS is RRC + DCI
· Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set
· A state is reserved for not triggering aperiodic ZP CSI-RS
· All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic or aperiodic)
· The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits)
· The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3

In this contribution, we discuss the need for joint activation/deactivation of aperiodic/semi-persistent CSI-IM and ZP CSI-RS.
[bookmark: _Ref178064866]Discussion
In RAN1#91AH, the issue of rate matching around CSI-IM was discussed and it was agreed that CSI-IM REs are not rate matched around unless overlapped by a ZP CSI-RS resource, similar to LTE mechanism. In LTE, only periodic CSI-IM is supported and the configuration of CSI-IM and corresponding overlapping ZP CSI-RS is done via RRC and require no further activation signalling. The same is true for periodic CSI-IM and ZP CSI-RS in NR. However, NR introduces two new time-domain behaviours for CSI-IM and ZP CSI-RS, aperiodic and semi-persistent.  
When aperiodic CSI-IM is used, the presence of aperiodic CSI-IM (as well as NZP CSI-RS) is indicated by the CSI request field in the UL-related DCI. If the UE is also scheduled with a PDSCH in the same slot as the aperiodic CSI-IM, rate matching around the aperiodic CSI-IM would be indicated using the aperiodic ZP CSI-RS trigger field in the DL-related DCI. The aperiodic ZP CSI-RS trigger field can be up to 2 bits as agreed in the last meeting.
The aperiodic ZP CSI-RS trigger field is also used to indicate rate matching around other UEs aperiodic NZP CSI-RS and CSI-IM resources if they occur in the same slot. If a first UE receives PDSCH and aperiodic CSI-IM for interference measurement in a slot, the gNB cannot trigger aperiodic NZP CSI-RS for a second UE in the same slot because that requires the first UE to rate match its PDSCH around the second UEs aperiodic NZP CSI-RS as well. This rate matching is not possible to indicate since the ZP CSI-RS trigger field is already used to indicate rate matching around the first UEs aperiodic CSI-IM, unless an aperiodic ZP CSI-RS resource set contains also the NZP CSI-RS resource of the second UE. Since different UEs may be triggered in the same slot, the aperiodic ZP CSI-RS resource set needs to be large enough to cover all the possible cases, which would lead to severe overallocation of rate matching resources resulting in decreased PDSCH throughput.

[bookmark: _Toc503358182][bookmark: _Toc503358650][bookmark: _Toc503553978][bookmark: _Toc506196981][bookmark: _Toc506214912][bookmark: _Toc506402947][bookmark: _Toc506412727][bookmark: _Toc506455485][bookmark: _Toc506505560][bookmark: _Toc506570715]An aperiodic ZP CSI-RS resource is needed to rate match around a UE’s aperiodic CSI-IM.  Since the same ZP CSI-RS field in DCI is also used to indicate rate matching around other UEs NZP CSI-RS, triggering CSI reporting for more than one UE in a slot requires overallocation of ZP CSI-RS resources leading to increased overhead and reduced PDSCH performance
This limits the scheduling flexibility and also the usefulness of the aperiodic CSI-RS / CSI-IM feature. It would be more efficient if rate matching around aperiodic CSI-IM resources could also be indicated by the CSI request field in UL-related DCI, as this would allow the ZP CSI-RS trigger field to indicate rate matching around aperiodic NZP CSI-RS of other UEs, which was the original intention. Note that rate matching information for PDSCH *is already conveyed* by the UL-related DCI, as the triggered aperiodic CSI-RS shall be rate matched around by PDSCH. It should also be noted that aperiodic NZP CSI-RS and aperiodic CSI-IM is always present together, and we fail to see the logic why rate matching of PDSCH around aperiodic NZP CSI-RS is conveyed by the UL-related DCI, while rate matching around the CSI-IM cannot be conveyed by the same UL-related DCI message and instead must exhaust the codepoints of the ZP CSI-RS trigger field in DL-related DCI. Indicating the rate matching around CSI-IM with the UL-related DCI does not introduce any more error cases either, as if the UE misses the UL-related DCI in current version of the spec, it will anyway misunderstand the PDSCH RE mapping around the aperiodic NZP CSI-RS and the PDSCH will be lost, as it would not be aware of the aperiodic NZP CSI-RS. 
[bookmark: _Toc506402948][bookmark: _Toc506412728][bookmark: _Toc506455486][bookmark: _Toc506505561][bookmark: _Toc506570716]Rate matching of PDSCH around aperiodic NZP CSI-RS is already conveyed by the UL-related DCI, it would be natural if rate matching around the simultaneously triggered aperiodic CSI-IM would be indicated by the same UL-related DCI
When semi-persistent CSI-IM is used, it is activated/deactivated with a MAC CE message which also activates a SP NZP CSI-RS. This makes sense, as both a SP NZP CSI-RS and a SP CSI-IM is required in order to calculate CSI. Thus, to make the signalling efficient and avoid having to transmit multiple MAC CE messages and possibly overload the MAC, RAN1 decided that SP NZP CSI-RS and SP CSI-IM is activated jointly with the same MAC CE message (as described in Table 1).
In the last meeting, it was agreed to introduce SP ZP CSI-RS, also activated by a MAC CE. The motivation was both to be able to rate match around other UEs/cells SP NZP CSI-RS as well as the UE’s own SP CSI-IM. In the LS reply sent to RAN2 on MAC CE for MIMO [2], the activation/deactivation of SP ZP CSI-RS was described as a separate MAC CE message, which indicates the activation/deactivation of a set of SP ZP CSI-RS resources (as described in Table 2). While such a message structure make sense if the purpose of the SP ZP CSI-RS is to rate match around other UEs/cells SP NZP CSI-RS, it is not very optimized if the intention is to indicate rate matching around the UEs own SP CSI-IM. For instance, a typical use case for SP CSI reporting on PUCCH is to have the SP CSI report linked to SP CSI-RS and CSI-IM. To get a proper interference measurement, a SP ZP CSI-RS resource covering the SP CSI-IM REs would also need to be activated. Thus, to active such a typical reporting currently 3 MAC CE messages are needed:
1. One MAC CE message to activate the SP CSI-RS and SP CSI-IM
2. One MAC CE message to activate the SP ZP CSI-RS covering the SP CSI-IM
3. One MAC CE message to activate the SP CSI report
Note that each MAC CE message requires a separate MAC subheader and each MAC CE must be byte-aligned (i.e. padding bits are added to the end of the MAC CE message if it’s not a multiple of 8 bits). Thus, conveying the same information with several MAC CE’s which could have been conveyed in a single MAC CE message incurs additional signalling overhead. Furthermore, using separate MAC CEs introduces the risk that a subset of the MAC CE may be lost, in which case the UE could end up in an undefined state where e.g. the SP CSI report is active but the SP CSI-RS / CSI-IM is not.
[bookmark: _Toc506402949][bookmark: _Toc506412729][bookmark: _Toc506455487][bookmark: _Toc506505562][bookmark: _Toc506570717]In current version of the spec, 3 MAC CE messages are required to active SP CSI reporting on PUCCH, when SP CSI-RS / CSI-IM is used and the CSI-IM is rate matched around by PDSCH
In our view, at least SP CSI-IM and the SP ZP CSI-RS resource indicating rate matching around the SP CSI-IM should be activated with the same MAC CE, in order to reduce waste of MAC resources. 
Table 3: MAC CE messages for activating SP NZP CSI-RS, SP CSI-IM SP ZP CSI-RS
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.2.3.4
	Semi-persistent CSI-RS / CSI-IM
	Activates/deactivates a SP CSI-RS resource set and a SP CSI-IM resource set. Provides the QCL relationship (if activated)
	SP CSI-RS Resource Set Id  (the size of ID <=4bits) | SP CSI-IM Resource Set Id (the size of ID <=4bits) | TCI_State_Id (the size of ID<=6bits)
Each activated resource set can have up to 64 CSI-RS resources therefore 
Total bits<=4+4+64*6

	TS 38.214
	5.1.4.2
	Semi-persistent ZP CSI-RS
	Activates/deactivates a SP ZP CSI-RS resource set
	ZP CSI-RS set ID selected from up to 2^ZP1 SP ZP CSI-RS sets (the size of ID <=[ZP1=4]bits)
Each activated resource set can have up to 2^[ZP2=6] ZP CSI-RS resources  

The total number of ZP CSI-RS resources in all sets cannot be more than 2^[ZP3=6]



Fortunately, there is a simple approach which solves both of the aforementioned issues for aperiodic and semi-persistent ZP CSI-RS activation/deactivation when the purpose is to rate match around a corresponding CSI-IM resource, with minimum spec impact. Namely, each (aperiodic and semi-persistent) CSI-IM resource can be optionally associated with a ZP CSI-RS resource in RRC. The activation/deactivation/triggering of the associated ZP CSI-RS resource follows from the activation/deactivation/triggering of the CSI-IM resource it is associated with. Thus, for aperiodic CSI-IM, the associated aperiodic ZP CSI-RS resource may be triggered jointly with the aperiodic CSI-IM resource which is triggered by the CSI request field in UL-related DCI. For semi-persistent CSI-IM, the associated semi-persistent ZP CSI-RS may be activated/deactivated jointly with the semi-persistent CSI-IM using the same MAC CE message.
[bookmark: _Toc506402954][bookmark: _Toc506412764][bookmark: _Toc506455488][bookmark: _Toc506505563][bookmark: _Toc506570718]Support optionally associating each CSI-IM resource with a ZP CSI-RS resource for rate-matching in RRC for the purpose of joint activation/deactivation/triggering. The ZP CSI-RS resource is activated/deactivated/triggered jointly with the CSI-IM resource, following the activation/deactivation/triggering mechanism for CSI-IM.
This would have limited spec impact and allow for increased scheduling flexibility and/or reduced ZP CSI-RS overhead. As an example, it could be as simple as adding the following parameter in the CSI-IM resource definition:
CSI-IM-Resource ::= 				SEQUENCE {
	csi-IM-ResourceId			CSI-IM-ResourceId,
	
	associated-ZP-CSI-RS-Resource-Id		ZP-CSI-RS-Resource-Id OPTIONAL,	

	-- The resource element pattern for the CSI-IM resource
	-- Corresponds to L1 parameter 'CSI-IM-RE-pattern' (see 38.214, section 5.2.2.3.4)
	csi-IM-ResourceElementPattern				ENUMERATED {pattern2-2, pattern4-1),
	
	-- OFDM symbol and subcarrier occupancy of the CSI-IM resource within a slot
	-- Corresponds to L1 parameter 'CSI-IM-ResourceMapping' (see 38.214, section 5.2.2.3.4)
	resourceMapping							TYPE_FFS!		OPTIONAL,

}

Conclusions
In this contribution, we made the following observations:
Observation 1	An aperiodic ZP CSI-RS resource is needed to rate match around a UE’s aperiodic CSI-IM.  Since the same ZP CSI-RS field in DCI is also used to indicate rate matching around other UEs NZP CSI-RS, triggering CSI reporting for more than one UE in a slot requires overallocation of ZP CSI-RS resources leading to increased overhead and reduced PDSCH performance
Observation 2	Rate matching of PDSCH around aperiodic NZP CSI-RS is already conveyed by the UL-related DCI, it would be natural if rate matching around the simultaneously triggered aperiodic CSI-IM would be indicated by the same UL-related DCI
Observation 3	In current version of the spec, 3 MAC CE messages are required to active SP CSI reporting on PUCCH, when SP CSI-RS / CSI-IM is used and the CSI-IM is rate matched around by PDSCH

[bookmark: _In-sequence_SDU_delivery]Based on the above observations, we make the following proposal: 
Proposal 1	Support optionally associating each CSI-IM resource with a ZP CSI-RS resource for rate-matching in RRC for the purpose of joint activation/deactivation/triggering. The ZP CSI-RS resource is activated/deactivated/triggered jointly with the CSI-IM resource, following the activation/deactivation/triggering mechanism for CSI-IM.
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