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The following agreement and conclusion were made in post-RAN1#86bis email discussion and RAN1#87 [1][3]:
	Conclusion:
· The following alternatives for Aperiodic CSI-RS resource selection are to be further discussed for down-selection until RAN1#87:
· Alternative 1: Reuse A-CSI request field and add more bit(s) if necessary
· Alternative 2: Reuse CS field
· Alternative 3a: Introduce a new DCI field with ceil(log2(N)) additional bits
· Alternative 3b: Introduce a new DCI field with 2 additional bits

Agreement:
· For PDSCH rate matching, 2-bit aperiodic ZP CSI-RS resource signaling field is introduced in DL-related DCIs for all TMs. 
· AP ZP CSIRS resource configuration is defined without subframe_config
· UE conducts PDSCH rate matching on AP ZP CSIRS at the subframe when the DCI is signaled.
· AP ZP CSI-RS resource signaling field descriptions are
· State ‘0’:  The 1st RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘1’:  The 2nd RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘2’:  The 3rd RRC-configured AP ZP CSIRS is indicated to be applied.
· State ‘3’:  The 4th RRC-configured AP ZP CSIRS is indicated to be applied.
· This applies only to the DCIs used for non-fallback mode

Working Assumption:
Working Assumption will be confirmed in RAN1#88 if benefit is confirmed compared to using periodic NZP CSI-RS and significant problems are not identified. 
· In TM10, activation/deactivation of an NZP CSI-RS with subframe_config can be configured with UEs configured with QCL Type B, where
· NZP CSI-RS configured for activation/deactivation can be indicated in PQI for QCL purposes, and follow legacy QCL assumption. 
· UE does not expect to receive PQI indication before receiving Ω (>1) activated NZP CSI-RSs from an NZP CSIRS activation. FFS on Ω – send an LS to RAN4 to ask for their advice – Jonghyun (LG) R1-1613495 – for email approval until Wed 23rd Nov.
· UE does not expect that a PQI indication is received which indicates a deactivated NZP CSI-RS. FFS the spec impact.
· Note: NZP CSI-RS not configured for activation/deactivation can also be indicated for QCL purpose.




This contribution attempts to resolve the above issues. 

[bookmark: _Ref462227407]Aperiodic NZP CSI-RS 
The first issue for aperiodic CSI-RS pertains to signalling the choice of 1 out of N activated aperiodic CSI-RS resources in the designated UL-related DCI format. As aforementioned, the following four alternatives are available; 1) reuse A-CSI request field and add more bit(s) if necessary, 2) reuse CS field, 3a) introduce a new DCI field with ceil(log2(N)) additional bits, 3b) introduce a new DCI field with 2 additional bits. 
In Alt.1, the additional B bits are added to the A-CSI request field for DCI formats 0 and 4. For N=2, the payload of A-CSI request field are kept as 3 bits, i.e. B=1 for carrier aggregation with up to 5 CCs and B=0 for carrier aggregation with up to 32 CCs. For N=4, additional bits may be introduced for A-CSI request field. In Alt. 1, the combination of {CSI process, CSI-RS resource} for each triggering state can be configured by RRC signalling taking into account the number of CCs, processes, and the number of activated aperiodic CSI-RS resources N. Therefore, one may argue that Alt.1 possesses high flexibility to support cross carrier aperiodic CSI-RS selection. However, it should be noted that such flexibility is not always free because the combination of {CSI process, CSI-RS resource} for each triggering state should be tied semi-statically. For instance, the CSI-RS resource selection with N=2 and more than 5 CCs can be supported at the cost of reduced A-CSI triggering flexibility for multiple CCs, whose performance impacts have not been studied yet.
In Alt.2, the existing 3-bit CS field is mapped to one of the N activated aperiodic CSI-RS resources. Given that the CS field will be used for UL DMRS IFDMA configuration [1], it is expected that with Alt.2 the CS field should convey up to 5 IEs; UL DMRS CS, UL DMRS OCC, UL DMRS IFDMA, PHICH resource allocation, and aperiodic CSI-RS resource selection. Although it was shown that the potential PHICH collision can be quite marginal, the potential impacts on legacy configurations such as CS and OCC need to be studied further. Table 1 shows an example of CS field mapping for CS, OCC, IFDMA, and aperiodic CSI-RS resource selection. Table 1 depicts that in some case, e.g. N=4, there is no degree of freedom for CS and OCC configuration. Given that the legacy configurations such as CS and OCC are still important for UL DMRS orthogonality, which will be used for PUSCH transmission with A-CSI reporting corresponding to the selected aperiodic CSI-RS resource, potential impacts on the degree of freedom for CS and OCC should be carefully studied as well as the PHICH collision issue.



[bookmark: _Ref465681556]Table 1. Mapping of Cyclic Shift Field in uplink-related DCI format 
to , , IFDMA configuration, and aperiodic CSI-RS resource selection
	Cyclic Shift Field in uplink-related DCI format [3]
	

	OCC
	Selected aperiodic CSI-RS resource
	IFDMA configuration

	
	
	
	N=2
	N=4
	

	000
	0
	6
	3
	9
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	0
	0
	odd subcarriers

	001
	6
	0
	9
	3
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	1
	1
	odd subcarriers

	010
	3
	9
	6
	0
	[1 -1]
	[1 -1]
	[1 1]
	[1 1]
	0
	2
	odd subcarriers

	011
	4
	10
	7
	1
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	1
	3
	even subcarriers

	100
	2
	8
	5
	11
	[1 1]
	[1 1]
	[1 1]
	[1 1]
	0
	0
	even subcarriers

	101
	8
	2
	11
	5
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	1
	1
	even subcarriers

	110
	10
	4
	1
	7
	[1 -1]
	[1 -1]
	[1 -1]
	[1 -1]
	0
	2
	even subcarriers

	111
	9
	3
	0
	6
	[1 1]
	[1 1]
	[1 -1]
	[1 -1]
	1
	3
	odd subcarriers



In Alt.3a and Alt.3b, a new field with 1 or 2 bits is added to DCI formats 0 and 4. Although Alt.3a and Alt.3b always require additional DCI payload(s), they could provide flexible cross-carrier based aperiodic CSI-RS resource selection without degradation of A-CSI triggering flexibility for multiple CCs. Since the signalling for aperiodic CSI-RS resource selection and A-CSI triggering is independent in Alt.3a and Alt.3b, the legacy A-CSI triggering capability for multiple CCs with periodic CSI-RS could be kept regardless of the aperiodic CSI-RS configuration.
As discussed above, each alternative has its own pros and cons according to the operation scenarios. In this situation, merging Alt.2 and Alt.3b is a simple way to leverage pros of each alternatives. For instance, when the UL-related DCI is conveyed by CSS, i.e. if the DCI payload is strictly restricted, Alt.2 can be adopted. It means that if a UE is triggered with aperiodic CSI-RS in a subframe, the UE can only use legacy CS field table rather than use the new CS field with IFDMA configuration. On the other hands, in case that the UL-related DCI is conveyed by USS with less restrictive payloads, Alt.3b is used for more flexible signalling. For both cases, the mapping to the nth resource is done via , where N is the number of activated aperiodic CSI-RS resources, D for CSS is nDMRS where is mapped from the CS field as defined in Table 9.1.2-2 of 36.213, and D for USS is the decimal integer value associated with the codepoints of the new 2-bit field.
Based on the above discussions, the following proposal can be made:

Proposals: 
· Merge alternative 2 and alternative 3b for aperiodic CSI-RS resource selection.
· To select the 𝑛𝑡ℎ CSI-RS resource out of 𝑁 resources, when UL related DCI is indicated in
· Common Search Space (CSS): Reuse CS field (i.e., Alt 2).
· If a UE is triggered with aperiodic CSI-RS in a subframe, the UE can only use legacy CS field table.
· UE specific Search Space (USS): introduce a new 2-bit DCI field (i.e., Alt 3).
· The mapping to the 𝑛𝑡ℎ resource is done via
𝑛=𝑚𝑜𝑑(𝐷,𝑁)
· For CSS, D = nDMRS where nDMRS is mapped from the CS field as defined in Table 9.1.2-2 of 36.213.
· For USS, D is the decimal integer value associated with the codepoints of the new 2-bit field.
QCL indication for Aperiodic NZP CSI-RS 
The second issue for aperiodic CSI-RS is the support of QCL for aperiodic CSI-RS. In 3GPP RAN1#86bis [2], discussions on possible QCL Types for aperiodic CSI-RS were discussed. In the discussions two alternatives are provided as follows:
· Alt. 1: While aperiodic and/or multi-shot NZP CSI-RS is supported for a UE configured with QCL Type A, aperiodic and/or multi-shot NZP CSI-RS is not supported for a UE configured with QCL Type B.
· Alt. 2: Support aperiodic and/or multi-shot CSI-RS regardless of UE’s QCL Type configuration.
While QCL Type A supports single cell operation, QCL Type B supports CoMP operation. 
In 3GPP RAN1#87, above possible alternatives of QCL indication for aperiodic and “multi-shot” CSI-RS have been discussed for UEs configured with QCL Type B. The benefits of the alternatives can be different to the type of CSI-RS transmission. For aperiodic CSI-RS, Alt 1 is suitable. As mentioned above, Doppler parameter estimation may not be possible considering characteristic of aperiodic CSI-RS. Therefore, indication and transmission of periodic CSI-RS to support UE’s estimation on large scale channel parameter is suitable for aperiodic CSI-RS. 
However, the situation is different for “multi-shot” CSI-RS. If we consider only active states, then “multi-shot” CSI-RS is totally identical with legacy periodic CSI-RS transmission. Therefore, if indication of QCL is limited to periodic CSI-RS, then eNB and UE will require additional transmission of periodic CSI-RS. Considering such aspect, the benefits from “multi-shot” CSI-RS will be doubted if QCL indication with “multi-shot” CSI-RS is prohibited. Moreover, it should be noted that activation and deactivation of “multi-shot” CSI-RS will not occur immediately. Considering activation/deactivation time (i.e. 4 ms or 8 ms) and minimum periodicity of CSI-RS, quiet multiple CSI-RS transmission should be secured to provide competitive performance of “multi-shot” CSI-RS. Considering such aspects, the benefits of supporting QCL Type B for multi-shot CSI-RS is quiet clear that it can give more flexibility to network. 

Proposal: 
· Confirm working assumption on the support of QCL Type B for multi-shot CSI-RS in 3GPP RAN1#87.
Configuration of aperiodic ZP CSI-RS 
The third issue for aperiodic CSI-RS is the configuration of ZP CSI-RS. In legacy TM 10 operation, PQI field support dynamic indication of ZP CSI-RS resource. It should be noted that QCL Type B operation is agreed as working assumption for multi-shot CSI-RS. Aperiodic ZP CSI-RS is not only to support rate matching for aperiodic NZP CSI-RS, but also needs to support rate matching for multi-shot CSI-RS. In that sense, CoMP operation should be considered for ZP CSI-RS indication. Moreover, the only difference between periodic ZP CSI-RS and aperiodic ZP CSI-RS is necessity of subframe offset. Considering such aspect, reusing legacy configuration except subframe offset can be beneficial for reducing redundant configurations in RRC.  

Proposals: 
· CoMP operation should be considered for aperiodic ZP CSI-RS configuration.
· Reuse legacy ZP CSI-RS resources except subframe offset. 
[bookmark: _Ref446598642]Conclusions
To complete the specification support for aperiodic and “multi-shot” CSI-RS in Rel.14, the following proposals are made:
Proposals: 
· Merge alternative 2 and alternative 3b for aperiodic CSI-RS resource selection.
· To select the 𝑛𝑡ℎ CSI-RS resource out of 𝑁 resources, when UL related DCI is indicated in
· Common Search Space (CSS): Reuse CS field (i.e., Alt 2).
· If a UE is triggered with aperiodic CSI-RS in a subframe, the UE can only use legacy CS field table.
· UE specific Search Space (USS): introduce a new 2-bit DCI field (i.e., Alt 3).
· The mapping to the 𝑛𝑡ℎ resource is done via
𝑛=𝑚𝑜𝑑(𝐷,𝑁)
· For CSS, D = nDMRS where nDMRS is mapped from the CS field as defined in Table 9.1.2-2 of 36.213.
· For USS, D is the decimal integer value associated with the codepoints of the new 2-bit field.
· Confirm working assumption on the support of QCL Type B for multi-shot CSI-RS in 3GPP RAN1#87.
· CoMP operation should be considered for aperiodic ZP CSI-RS configuration.
· Reuse legacy ZP CSI-RS resources except subframe offset. 
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