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Introduction
In RAN1#86, the following conclusions were made with regards to aperiodic CSI-RS resource selection [1].   
Conclusion: 
· 3 alternatives are identified:
· Alt1 Reuse A-CSI request field and add more bit(s) if necessary
· Alt2 Reuse CS field (see R1-1610815, R1-1610816)
· Alt3 Add ceil(log2(N))-bit or 2-bit DCI field
· Decide between the above 3 alternatives.

The three alternatives were further discussed via an email discussion where the conclusions are given in [2].  In this contribution, we present our views on the different alternatives.  Furthermore, we propose the reuse of cyclic shift field (Alt 2) for aperiodic CSI-RS resource selection.
Discussion
Drawbacks with Alt1 and Alt3
A common draw back with Alternatives 1 and 3 is that they both result in unnecessary overhead increase for PDCCH and EPDCCH messages.  As described in [2], Alt1 requires some additional B bits to be added to the A-CSI request field and Alt3 adds a new DCI field with up to two bits.  In both cases, the additional bits are added to the payload size of DCI formats 0 and 4.  In addition, the DL-related DCI format 1A needs to have the same payload size as DCI format 0.  If the payload size of DCI format 0 is increased by some additional bits, then DCI format 1A may need to be padded with additional bits to ensure the same payload size between DCI formats 0 and 1A.  Hence, using alternatives 1 and 3 to indicate one out of  aperiodic CSI-RS resources results in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.

[bookmark: _Toc466059233]For aperiodic CSI-RS, introducing additional bits in DCI through Alt1 or Alt 3 to select one out of  CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.

Furthermore, introducing additional DCI bits or new DCI fields are being discussed in parallel in other eFD-MIMO topics.  Particularly, the following topics related to aperiodic CSI-RS and UL DMRS enhancements could potentially add more DCI bits/fields:
· To support PUSCH CSI Reporting for Hybrid CSI-RS Mechanism 1, at least 1 bit could be added to A-CSI request field in DCI formats 0 and 4, if the proposal for dynamically triggering CSI on either the 1st eMIMO-Type or the 2nd eMIMO-Type is agreed [3]. 
· To support PDSCH rate matching for aperiodic CSI-RS, if an aperiodic ZP CSI-RS resource signalling field is introduced 2 bits could be added to downlink related DCIs for all transmission modes [4].
· To select an aperiodic CSI-RS resource, if either Alternatives 1 or 3 is agreed, up to 2 bits could be added to DCI formats 0 or 4.
· To indicate CS/OCC/IFDMA mapping table for UL DMRS, 1 bit could be added to DCI formats 0 and 4, if Candidate solution 1 of [5] is agreed.
[bookmark: _GoBack]Hence, depending on the outcome of ongoing eFD-MIMO discussions, as many as 6 new DCI bits could potentially be added to support the aperiodic CSI-RS and UL DMRS features in eFD-MIMO.  This represents a significant increase in PDCCH/EPDCCH overhead.  Historically, adding bits to DCI has needed strong justification, and this principle will be jeopardized if such large number of new DCI bits are added to support aperiodic CSI-RS and UL DMRS.  Among the three alternatives to support PDSCH rate matching discussed in [4], at least 2 new bits are needed.  For other three discussions, alternatives that avoid adding new DCI bits are available.  Hence, we think the number of new DCI bits added to support aperiodic CSI-RS and UL DMRS features should not exceed 2 bits unless strong performance justifications can be provided.  For instance, the trade-off between how much performance gain we get from aperiodic CSI-RS vs how much overhead we add to PDCCH/EPDCCH should be justified.

[bookmark: _Toc466059234]Depending on the outcome of ongoing eFD-MIMO discussions, as many as 6 new DCI bits could potentially be added to support the aperiodic CSI-RS and UL DMRS features which represents a significant increase in PDCCH/EPDCCH overhead.

[bookmark: _Toc465461135][bookmark: _Toc465461523][bookmark: _Toc465463262][bookmark: _Toc465464893][bookmark: _Toc465513956][bookmark: _Toc465516212][bookmark: _Toc465516838][bookmark: _Toc466041945][bookmark: _Toc466044708][bookmark: _Toc466044770][bookmark: _Toc466044783][bookmark: _Toc466044795][bookmark: _Toc466045521][bookmark: _Toc466045676][bookmark: _Toc466045798][bookmark: _Toc466045814][bookmark: _Toc466045890][bookmark: _Toc466059238]The number of new DCI bits added to support aperiodic CSI-RS and UL-DMRS features in Rel 14 eFD-MIMO should not exceed 2 bits unless strong performance justfications can be provided.

Alt 2: Reusing CS Field


The Cyclic Shift field in uplink-related DCI has 3 bits and each code point in the field is used to indicate a cyclic shift parameter  and length-2 OCC code where  and  is the number of layers to be transmitted in the PUSCH scheduled by the uplink grant.  Since the maximum number of aperiodic CSI-RS resources that can be activated is agreed to be 4 (i.e., N ≤ 4) [1], the 3-bit length of the Cyclic Shift field provides sufficient freedom to select one out of the  aperiodic CSI-RS resources.  For instance, a 3-bit code point in the Cyclic Shift field can be mapped to one of the N aperiodic CSI-RS resources via
	
,
	Equation 1




where  is the aperiodic CSI-RS resource index and  is mapped from the Cyclic Shift field as defined in Table 9.1.2-2 of 3GPP TS 36.213.  It should be noted that with Alt 2, only the mapping of Equation 1 needs to be specified and the CS/OCC and/or IFDMA joint table does not need to be modified.
Figure 1 below shows an example where N = 4 aperiodic CSI-RS resources can be activated and how these resources can be mapped (in a UE-specific manner) to the codepoints of the Cyclic Shift field in the case of the legacy CS/OCC table.  In the case with N = 4, a maximum of 4 UEs can be triggered for Aperiodic CSI-RS transmission in a given subframe. 
         For UEs not triggered for an aperiodic report (i.e. most UEs) in a subframe, the mapping of Equation does not apply and the codepoints can be chosen freely.  The mappings shown in the example of Figure 1 only applies to UEs being triggered for Aperiodic CSI-RS transmission.
         If four UEs are triggered for aperiodic CSI-RS transmission in a subframe, then four codepoints related to unique Aperiodic CSI-RS resources can be chosen.  Each Aperiodic CSI-RS resource can still be indicated by two different codepoints (i.e., Aperiodic CSI-RS resource 0 can be indicated by either 000 or 100).
Due to this flexibility associated with Alternative 2, the Cyclic Shift codepoint can be allocated first as usual.  When a UE also needs to be triggered for Aperiodic CSI-RS transmission, the Cyclic Shift codepoint for the UE can also be used to selecting a unique aperiodic CSI-RS resource.  Hence, there is almost no performance impact associated with Alternative 2 when compared to legacy operation.

[bookmark: _Toc466059235]With Alternative 2 and the agreed maximum value of N = 4, the CS field codepoints can first be allocated to UEs as usual, and when a UE also needs to be triggered for Aperiodic CSI-RS, the CS codepoint for the UE can be mapped to a unique aperiodic CSI-RS resource.

 [image: ]
[bookmark: _Ref465462223]Figure 1.  Example aperiodic CSI-RS resource selection (N = 4) with legacy CS/OCC table

For the joint CS/OCC/IFDMA mapping table, there are two candidate solutions currently under discussion. However, the same code point to A-CSI-RS resource mapping given in Equation 1 applies to either of the two candidates. As shown in the Appendix, reusing CS field to select aperiodic CSI-RS retains enough flexibility in case either of these two solutions are agreed.
The only constraint with using CS codepoints to aperiodic CSI-RS resource mapping is that when UEs to be triggered for A-CSI in a subframe are allocated to code points that are mapped to the same A-CSI-RS resource.  This can be, however, resolved by eNB implementation. One way is to reallocate the codepoint(s) for some of the UEs.  This could potentially cause PHICH collision.  However, as discussed in our companion paper [6], the impact of PHICH collision and scheduling restriction are quite small.  Another way is to simply trigger only the UEs whose codepoints are mapped to different aperiodic CSI-RS resources in a subframe.  Hence, the advantages of Alternative 2 clearly outweighs its disadvantages.

It should also be noted that when using the 3-bit Cyclic Shift field to select one out of the  aperiodic CSI-RS resources, the CSI request for different component carriers and/or CSI processes are indicated separately by the CSI request field.  Hence, Alternative 2 has similar flexibility when it comes to CSI request for multi CCs and/or multi processes as Alternatives 1 and 3.

Given the discussion above, we propose that Alternative 2 of reusing the CS field is used to select 1 out of N activated aperiodic CSI-RS resources.  The major benefits of reusing the CS field is that it does not increase overhead for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.  Furthermore, this solution offers sufficient flexibility for either CS/OCC/IFDMA joint table adopted.

[bookmark: _Toc466059236]For aperiodic CSI-RS resource selection, the code points of the Cyclic Shift field can be flexibly used to select one out of  CSI-RS resources.
[bookmark: _Toc466059237]Reusing CS field for aperiodic CSI-RS resource selection offers a similar level of flexibility as other solutions when it comes to CSI request for multi CCs and/or multi processes.
[bookmark: _Toc463032409][bookmark: _Toc462182638][bookmark: _Toc462182643][bookmark: _Toc462182663][bookmark: _Toc462182674][bookmark: _Toc462182710][bookmark: _Toc462182763][bookmark: _Toc462189461][bookmark: _Toc462189613][bookmark: _Toc462190349][bookmark: _Toc463031333][bookmark: _Toc463032410][bookmark: _Toc463052251][bookmark: _Toc465289566][bookmark: _Toc465290114][bookmark: _Toc465378676][bookmark: _Toc465438457][bookmark: _Toc465447409][bookmark: _Toc465461136][bookmark: _Toc465461524][bookmark: _Toc465463263][bookmark: _Toc465464894][bookmark: _Toc465513957][bookmark: _Toc465516213][bookmark: _Toc465516839][bookmark: _Toc466041946][bookmark: _Toc466044709][bookmark: _Toc466044771][bookmark: _Toc466044784][bookmark: _Toc466044796][bookmark: _Toc466045522][bookmark: _Toc466045677][bookmark: _Toc466045799][bookmark: _Toc466045815][bookmark: _Toc466045891][bookmark: _Toc466059239]For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  aperiodic CSI-RS resources.

[bookmark: _Toc463031338]Conclusions
In this contribution, we present our views on the remaining details related to aperiodic and multi-shot CSI-RS.  Based on the discussion, we made the following observations:
Observation 1	For aperiodic CSI-RS, introducing additional bits in DCI through Alt1 or Alt 3 to select one out of  CSI-RS resources would result in unnecessary overhead increase for PDCCH/EPDCCH messages carrying DCI formats 0, 4, and 1A.
Observation 2	Depending on the outcome of ongoing eFD-MIMO discussions, as many as 6 new DCI bits could potentially be added to support the aperiodic CSI-RS and UL DMRS features which represents a significant increase in PDCCH/EPDCCH overhead.
Observation 3	With Alternative 2 and the agreed maximum value of N = 4, the CS field codepoints can first be allocated to UEs as usual, and when a UE also needs to be triggered for Aperiodic CSI-RS, the CS codepoint for the UE can be mapped to a unique aperiodic CSI-RS resource.
Observation 4	For aperiodic CSI-RS resource selection, the code points of the Cyclic Shift field can be flexibly used to select one out of  CSI-RS resources.
Observation 5	Reusing CS field for aperiodic CSI-RS resource selection offers a similar level of flexibility as other solutions when it comes to CSI request for multi CCs and/or multi processes.

Based on the discussion in Sections 2, we propose the following:
Proposal 1	The number of new DCI bits added to support aperiodic CSI-RS and UL-DMRS features in Rel 14 eFD-MIMO should not exceed 2 bits unless strong performance justfications can be provided.
Proposal 2	For Aperiodic CSI-RS transmission, use code points from the existing Cyclic Shift field in the UL related DCI to indicate transmission on one out of  aperiodic CSI-RS resources.
[bookmark: _In-sequence_SDU_delivery]
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Appendix: CS Field codepoint to Aperiodic CSI-RS Resource Mapping when IFDMA is Supported for UL DMRS
If Candidate 1 of [5] is agreed, we have all 8 codepoints available for IFDMA but IFDMA will only need at most 4 codepoints since only 4 orthogonal layers are supported.  Figure 2 below shows an example where N = 4 aperiodic CSI-RS resources are activated and how these resources can be mapped (in a UE-specific manner) to the codepoints of the Cyclic Shift field in case if Candidate 1 of [5] is agreed.  As shown in the figure, Alternative 2 still retains enough flexibility to first allocate Cyclic Shift codepoints for up to 4 UEs (with IFDMA) and use the Cyclic Shift codepoints to select a unique aperiodic CSI-RS resource for up to 4 UEs.
If Candidate 2 of [5] is agreed, either 4 codepoints are used for ‘no IFDMA’ or 4 codepoints are used for IFDMA.  Figure 3 below shows an example where N = 4 aperiodic CSI-RS resources are activated and how these resources can be mapped (in a UE-specific manner) to the codepoints of the Cyclic Shift field in case if Candidate 2 of [5] is agreed.  As seen from the figure, Alternative 2 again retains sufficient flexibility to first allocate Cyclic Shift codepoints for up to 4 UEs and use the codepoints to select a unique aperiodic CSI-RS resource for up to 4 UEs.

[image: ]
[bookmark: _Ref466042107]Figure 2.  Example aperiodic CSI-RS resource selection (N = 4) with candidate 1 of [5] for CS/OCC/IFDMA table
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[bookmark: _Ref466042222]Figure 3.  Example aperiodic CSI-RS resource selection (N = 4) with candidate 2 of [5] for CS/OCC/IFDMA table
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