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1 Introduction
The details of aperiodic CSI-RS resource selection where aperiodic CSI-RS is triggered to be transmitted in one out of the N activated aperiodic CSI-RS resources were discussed.  During the discussion, three different alternatives with possibly different number of added bits to UL related DCI were identified.  Consequently, email discussion [86b-12] was formed to finalize the details of aperiodic CSI-RS resource selection.  This contribution summarizes the email discussion.
2 Background
Three different alternatives were identified and different variants of the alternatives exist depending on the number of bits added to UL related DCI.  Brief descriptions of the alternatives and variants for selecting one out of Nc activated aperiodic CSI-RS resources (where Nc denotes the number of activated aperiodic CSI-RS resources on the cth component carrier) are given below:
· Alternative 1: Reuse A-CSI request field and add more bit(s) if necessary
The additional B bits are added to the A-CSI request field for DCI formats 0 and 4 mapped onto the UE specific search space given by the C-RNTI.  To ensure the same payload size for DCI formats 0 and 1A, additional (B-1) padding bits need to be added to DCI format 1A mapped to UE specific search space.  Furthermore, the states (and descriptions) corresponding to the extended A-CSI request field may need to be defined similar to Tables 7.2.1-1A to 7.2.1-1E in 3GPP TS36.213 by using a joint coding of the CSI process and the CSI-RS resource indication.  The combination of {CSI process, CSI-RS resource} for each triggering state can be configured by RRC signaling taking into account the number of CCs, processes, and the number of activated aperiodic CSI-RS resources Nc.
· For Nc = 2, the number of additional bits B is given as follows:

· B = 1 for carrier aggregation with up to 5 CCs

· B = 0 for carrier aggregation with up to 32 CCs

· For Nc > 2, the number of additional bits B are FFS until RAN1 #87.

· Alternative 2: Reuse CS field

With this alternative, no additional bits need to be added to DCI formats 0 and 4, and additional padding bits do not need to be added to DCI format 1A.  The existing 3-bit CS field is mapped to one of the Nc activated aperiodic CSI-RS resources via for example 
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 is aperiodic CSI-RS resource index.  
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 is mapped from the CS field as defined in Table 9.1.2-2 of 36.213.  The CS field to activated aperiodic CSI-RS resource mapping is only applicable to the UEs receiving aperiodic CSI-RS in a subframe.  Hence, there is no restriction on scheduling the UEs not receiving aperiodic CSI-RS transmission in the same subframe.
· Alternative 3a: Introduce a new DCI field with 
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A new field with 
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 = 1 or 2 bits (depending on the value of Nc) is added to DCI formats 0 and 4.  Depending on the number of activated aperiodic CSI-RS resources Nc, additional padding bit(s) need to be added to DCI format 1A to ensure the same payload size for DCI formats 0 and 1A.
· Alternative 3b: Introduce a new DCI field with 2 additional bits
A new field with 2 bits is added to DCI formats 0 and 4.  To ensure the same payload size for DCI formats 0 and 1A, additional padding bit(s) need to be added to DCI format 1A.  The new 2-bit field is mapped to one of the N activated CSI-RS resources via for example 
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 is aperiodic CSI-RS resource index, and D is the decimal integer value associated with the codepoints of the new 2-bit field.
3 Discussion

Given the alternatives described in Section 2, the following questions may help to finalize the discussion on aperiodic CSI-RS selection for eFD-MIMO:
Question #1

What are the disadvantages associated with each alternative? 

	Company
	Alternative 1
	Alternative 2
	Alternative 3a
	Alternative 3b

	Ericsson
	· Unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A
· If cross-carrier based aperiodic CSI-RS selection is to be supported and assuming 5 CSI process need to be updated by a UE with 2 bits used for aperiodic CSI-RS resource selection per process, then a total of B=10 bits are needed.  This results in a very high overhead.
· When B=10 additional bits are added, there is a 23% increase in DCI payload size for DCI format 0.
	· A small increase in PHICH collision probability of around 1.5% exists when two UEs are scheduled for aperiodic CSI-RS in a 10 MHz system [1]
· May have some impact on PHICH collision in case of N=4 where all 4 UEs are triggered for aperiodic CSI-RS and they are also paired together for MU-MIMO.  But this is a corner case and the eNB can always delay aperiodic CSI-RS trigger by 1 ms for one of the UEs [1]
	· Unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A
· When up to 2 bits are added, there is a 5% increase in DCI payload size for DCI format 0.
	· Unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
· There is a 5% increase in DCI payload size for DCI format 0.



	Samsung
	· May require high payload for additional B bits, if cross-carrier based aperiodic CSI-RS selection is supported.
	· In addition to PHICH collision, potential impacts on PUSCH transmission performance should be carefully studied, since same CS and OCC for UL DMRS would be forced to UEs with the same order of the selected aperiodic CSI-RS resource.
	· Additional overhead with variable payloads, i.e. 1 or 2 bits.


	· Additional overhead with a fixed payload, i.e. 2 bits.



	Qualcomm
	· Additional overhead with variable payload, e.g., 1 or 2 bits.
	· Less flexibility for cross carrier aperiodic CSI-RS selection since the same CSI-RS resource index is selected for all the CCs required for CSI reporting
· Unnecessary coupling between CS field and CSI request field. The selection of CS/OCC/comb for UL DMRS may be limited by aperiodic CSI-RS resource selection.
	· Additional overhead with variable payloads, i.e. 1 or 2 bits.
· Less flexibility for cross carrier aperiodic CSI-RS selection since the same CSI-RS resource index is selected for all the CCs required for CSI reporting

	· Additional overhead with a fixed payload, i.e. 2 bits.
· Less flexibility for cross carrier aperiodic CSI-RS selection since the same CSI-RS resource index is selected for all the CCs required for CSI reporting



Question #2
What are the advantages associated with each alternative?
	Company
	Alternative 1
	Alternative 2
	Alternative 3a
	Alternative 3b

	Ericsson
	· Gives some flexibility on selecting aperiodic CSI-RS resource on a per CC per process basis at the expense of significantly increased DCI overhead.
	· Does not increase overhead for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
	· Does not have impact on PHICH collision in case of N=4 where all 4 UEs are triggered for aperiodic CSI-RS and they are also paired together for MU-MIMO.  However, as discussed above, this is a corner case and the eNB can always delay aperiodic CSI-RS trigger by 1 ms for one of the UEs
	· Does not have impact on PHICH collision in case of N=4 where all 4 UEs are triggered for aperiodic CSI-RS and they are also paired together for MU-MIMO.  However, as discussed above, this is a corner case and the eNB can always delay aperiodic CSI-RS trigger by 1 ms for one of the UEs

	Samsung
	· Up to 1 bit of DCI field payload could be reduced at the expense of reduced A-CSI triggering flexibility for multiple CCs.
	· Flexible cross-carrier based aperiodic CSI-RS selection through independent configuration of A-CSI requests and aperiodic CSI-RS selection.


	· No impact on legacy functionalities
· Flexible cross-carrier based aperiodic CSI-RS selection through independent configuration of A-CSI requests and aperiodic CSI-RS selection.
	· No impact on legacy functionalities
· Flexible cross-carrier based aperiodic CSI-RS selection through independent configuration of A-CSI requests and aperiodic CSI-RS selection.

	Qualcomm
	· Can more efficiently support cross carrier aperiodic CSI-RS selection via proper implementation, e.g., higher layer configuration of the association between the trigger state and {CSI process, CSI-RS resource indication}-pair. 
	· No change on DCI overhead

	· No need to define new A-CSI trigger mapping table

	· No need to define new A-CSI trigger mapping table



Question #3
Taking into account Questions #1 and #2, which alternative is preferred to select one out of N activated aperiodic CSI-RS resources? Why?
	Company
	Response

	Ericsson
	We prefer Alternative 2 since reusing the CS field to select 1 out of N activated aperiodic CSI-RS resources.  The major benefit of reusing the CS field is that it does not increase overhead for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.  As discussed in [1], the impact of PHICH collision and scheduling restriction are quite small.  Hence, the advantages of Alternative 2 clearly outweighs its disadvantages. 

	Samsung
	We prefer Alternative 3a or 3b since they have no impact on legacy functionalities such as A-CSI requests over multiple CC and/or CSI processes at the cost of only one or two additional bits. Also, it seems that Alternative 3a or 3b can support flexible cross-carrier based aperiodic CSI-RS selection through independent configuration of A-CSI requests and aperiodic CSI-RS selection.

	Qualcomm
	We prefer Alternative 1 since it is aligned with the existing A-CSI triggering principle by extending the selection of {CSI process, CSI subframe set}-pair to the selection of {CSI process, CSI-RS resource}-pair. It can provide efficient support of cross-carrier aperiodic CSI-RS selection by allowing different aperiodic CSI-RS selection for each CC. Also, it allows also to use same aperiodic CSI-RS selection for multiple CCs. The total overhead increase can be same as Alt 3a and 3b.


4 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

· The different alternatives are described in detail in Section 2 of this document.
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