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1
Introduction
In this paper we discuss remaining signaling details in support of DL CoMP.  Joint signaling of quasi-co-location and rate matching assumptions is proposed to enhance DPS operation between two transmission points.  The dynamic triggering of aperiodic CSI reports is also discussed. 
2
Quasi-co-location and rate matching assumptions
Quasi-co-location and rate matching assumptions were discussed at RAN1#70 and it was agreed that dynamic CSI-RS/DM-RS co-location signaling would be provided.  In our view it is desirable to provide this signaling together with the PDSCH rate matching assumptions as the signaling of both parameter sets shares some commonalities. 

2.1
Signaling of quasi-co-location assumptions
At RAN1#70 the following agreement was reached regarding the co-location of CSI-RS and DM-RS: 
· PDSCH DMRS ports and CSI-RS ports belonging to CSI-RS resource Z may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· The signaling of Z is implicit or explicit

· UE may assume that such signaling is available

· Details regarding which conditions and/or states in DCI formats are used for signaling Z will be discussed in AI7.5.4

The signaling of quasi-co-location assumptions for CSI-RS/DM-RS targets enhanced support of DPS by informing the UE on a per-subframe basis which CSI-RS resource should be assumed as quasi-co-located with the PDSCH DM-RS.  Note that this effectively conveys to the UE which transmission point is the source of the UE’s PDSCH transmission in a given subframe. 

The fact that the above co-location signaling effectively reveals the PDSCH’s origin, motivates joint signaling with the PDSCH rate matching assumption.  In fact, by revealing the PDSCH’s origin through dynamic signaling, it is straightforward for the UE to adjust its rate matching assumptions such that they are consistent with the transmitting cell.  

Another issue concerns the signaling of CSI-RS/CRS quasi-co-location assumptions.  This aspect was discussed in the scope of a WF [1] at the last meeting as well as in a post-RAN1#70 email discussion.  While no agreement has been reached yet, we consider such signaling as an important enhancement to multi-cell setups (Scenarios 1-3).  
In our view, the signaling of CSI-RS/CRS quasi-co-location assumptions is motivated primarily by the resulting implicit linkage between CRS and DM-RS that can be inferred by the UE.  This objective was explicitly captured in the chairman’s notes of RAN1#70 which stated that “quasi co-location assumptions between CRS and DMRS follow from the assumptions between CSI-RS/DMRS and CRS/CSI-RS.”  It is important to note that no dynamic signaling is needed for this purpose; instead, it suffices to provide semi-static co-location signaling of CSI-RS and CRS (e.g., through some form of bitmap).  The quasi-co-location of CRS and DM-RS in a subframe can then be deduced from the dynamic CSI-RS/DM-RS signaling. 
In multi-cell setups, such CRS/DM-RS quasi-co-location is a useful enhancement.  The fact that CRS is a denser reference signal compared to CSI-RS enables the UE to perform more accurate time and frequency estimation which improves DM-RS based demodulation.  In the absence of CRS/CSI-RS co-location signaling such an enhancement would not be possible as only CSI-RS and DM-RS could be assumed as quasi-co-located.  
Finally, we would like to note that because CRS/DM-RS co-location serves as the main motivation for introducing CRS/CSI-RS quasi-co-location signaling, we do not see a strong need to provide semi-static signaling of co-location assumptions for all CSI-RS resources.  Instead, such signaling could be restricted to only those CSI-RS resources for which dynamic signaling of CSI-RS/DM-RS can be provided. 

Proposal 1: 
· CRS/CSI-RS quasi-co-location assumptions are important in multi-cell CoMP setups where they provide an implicit indication of CRS/DM-RS co-location. 

· Semi-static signaling of CRS/CSI-RS quasi-co-location assumptions suffices to provide this connection.  

· The signaling may further be restricted to only those CSI-RS resources for which CSI-RS/DM-RS co-location signaling may be provided. 

2.2
Signaling of PDSCH rate matching assumptions

At RAN1#69, the following agreement was reached: 

· Provide signalling to indicate the CRS position of at least one cell from which PDSCH transmission may occur

· Signalling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes

· If the signalling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell

· FFS until RAN1#70 whether the signalling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched. 

In this section we provide our views on the remaining FFS items of the above agreement.  Among the open issues the question of how many cells can be included in the rate matching operation warrants special attention.  In particular, it is important to strike a tradeoff between the additional overhead incurred by this operation and the increased flexibility it may provide.  The tradeoff between these factors should further take into account that there are already existing techniques to support JP-CoMP in a multi-cell setting without incurring additional overhead. 

In considering this tradeoff it is important to differentiate among proposals that perform rate matching only around a single CRS configuration and proposals that perform such rate matching around more than one CRS configuration.  In particular, the latter option incurs significant additional overhead, approximately 10% for each additional CRS configuration that is considered.  When comparing with existing techniques, it is important to account for this overhead, as it can be completely avoided with the following existing techniques:  

1. Restrict JP-CoMP to MBSFN subframes.  The issue of rate matching for JP-CoMP is avoided by restricting CoMP UEs to using MBSFN subframes.  While some of the configured MBSFN subframes may actually need to be set aside for MBMS service, the remainder may be used to facilitate CoMP transmission.  In fact, given that CoMP typically only benefits a small fraction of UEs, a small number of subframes may suffice.    

2. Use a colliding CRS configuration.  In principle, it is unclear whether support for JP-CoMP with non-colliding CRS configuration is needed in a multi-cell setting.  As noted above, doing so incurs additional overhead if rate matching needs to be employed around more than one CRS configuration.  Further, there is little downside to configuring a colliding CRS configuration.  

Given the above techniques and keeping in mind the overhead associated with rate matching around more than a single CRS configuration, we do not see any benefit in supporting such rate matching.  However, in line with the agreement quoted above, there are benefits in enabling a more flexible rate matching around a single CRS configuration.  

Proposal 2: 

· PDSCH rate matching in support of multi-cell JP-CoMP should focus only on a single CRS configuration

· Rate matching around more than one CRS configuration incurs significant overhead that likely outweighs any achievable CoMP gain
A detailed proposal including signaling parameters is outlined in Section 2.3. 

Another issue regarding PDSCH rate matching concerns the PDSCH starting symbol.  The summary of offline discussions from RAN1#70 [2] captured three proposals that could be considered: 
· Alt-1: PDSCH starting symbol is semi-statically signaled for each configured rate matching pattern;
· Alt-2: PDSCH is semi-statically configured and assumed fixed;
· Alt-3: PDSCH starting symbol follows that of the UE’s serving cell. 

In our view, Alt-1 is preferable because it has the potential to show gains whenever the cells involved in CoMP have consistently different sizes of the control regions.  In fact, this would typically be the case in Scn-3 where macros could have a consistently larger control region than picos, due to the fact that they are serving a larger fraction of UEs [3].  With Alt-1, this can be taken into account such that whenever a UE is received PDSCH from a pico cell, it can benefit from a smaller control region.  With the other alternatives, such a benefit could not be achieved as the control region size would have to budget for the worst case. 
Proposal 3: 

· The PDSCH starting symbol should be signaled semi-statically for each configured rate matching pattern. 

· Overhead savings are therefore achievable if average control region sizes are different among cells.  
2.3
Joint signaling proposal

The signaling of both quasi-co-location and PDSCH rate matching assumptions targets enhanced DPS performance by effectively revealing to the UE which transmission point is the source of the PDSCH transmission.  Revealing the origin of the PDSCH has the following benefits: 
· For PDSCH rate matching, UEs can adapt their rate matching in multi-cell setups with non-colliding CRS configuration.  This avoids the need to schedule such UEs in MBSFN subframes while not incurring additional overhead.  

· For quasi-co-location signaling, the UE is able to exploit quasi-co-location properties when demodulating the DM-RS based transmission, based on CSI-RS, CRS, or both. 

In our view, the dynamic signaling of quasi-co-location assumptions and rate matching should follow the signaling approach already employed for the DM-RS scrambling sequence initialization.  In this framework, the existing parameter nSCID in DCI format 2C is used to indicate which of two virtual cell IDs to assume for PDSCH demodulation.  This operation could be extended to indicate not only the virtual cell ID but also to select between two sets of rate matching and quasi-co-location parameters. 

This signaling approach is depicted in Figure 1.  According to the proposal, the two sets (one for each transmission point) contain the information listed in Table 1. 
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Figure 1: Dynamic signaling using the nSCID bit in DCI format 2C. 
Table 1: Configuration parameters for each of the sets in Figure 1. 
	Parameter
	Value
	Purpose

	Virtual cell ID
	x(0) or x(1)
	Scrambling sequence initialization.  

	CRS frequency shift
	One of three possible frequency shifts. 
	Indicates the CRS RE locations for PDSCH rate matching. 

	Number of CRS ports
	1, 2, or 4 CRS ports
	

	MBSFN Configuration
	Same as in non-CoMP case. 
	

	PDSCH starting symbol
	2nd, 3rd, 4th, 5th symbol, or as indicated by PCFICH. 
	Indicates PDSCH starting symbol. 

	CSI-RS resource index
	One of three CSI-RS resources in the CoMP measurement set
	Indicates CSI-RS/DM-RS quasi-co-location assumption

	CRS physical cell ID *
	Physical cell ID (0-503) or N/A. 
	Indicates CSI-RS/CRS (and therefore CRS/DM-RS) quasi-co-location assumption. 

	* Note: CRS/CSI-RS quasi-co-location signaling is provided in this table because in our view it is only needed for purpose of CRS/DM-RS quasi-co-location.  If provided in this table, CRS frequency shift and number of CRS ports need not be signaled explicitly.  CRS/CSI-RS quasi-co-location could also be signaled as part of the CSI-RS configuration; in this case the CRS physical cell ID need not be included here. 


Proposal 4: 

· Use nSCID to perform dynamic signaling of quasi-co-location and rate matching assumptions
· Use two RRC-configured sets to signal the quasi-co-location and PDSCH rate matching parameters.  

2.4
Signaling proposal for ePDCCH and DCI format 1A

The signaling of quasi-co-location and rate matching assumptions also applies to PDSCH transmissions scheduled with DCI format 1A and to ePDCCH.  The signaling can be simplified, however, as only a single set of assumptions needs to be conveyed for each case. 

For ePDCCH our preference is to align scrambling sequence initialization and rate matching parameters with the UE’s serving cell.  In particular, the scrambling sequence initialization should be based on the physical cell ID of the UE’s serving cell; likewise the rate matching should follow the CRS of the serving cell.  With regard to quasi-co-location assumptions, our preference is to retain the same signaling as in Table 1, i.e., one CSI-RS resource index and optionally one CRS physical cell ID could be signaled to convey collocation of the ePDCCH’s DM-RS with CSI-RS and CRS, respectively. 
PDSCH scheduled through DCI format 1A targets fallback operation and therefore rate matching and quasi-co-location assumptions should be aligned with TM9 fallback operation.  In particular, rate matching assumptions should be aligned with the UE’s serving cell.  Further, it was agreed at RAN1#70 that in MBSFN subframes, the physical cell ID should be used for DM-RS scrambling sequence initialization (in non-MBSFN subframes CRS is used for demodulation).  With regard to quasi-co-location, our preference is to assume quasi-co-location among CSI-RS, CRS, and DM-RS which is consistent with Behavior A in [4] and in line with the assumption of previous releases. 
Proposal 5: 

· For ePDCCH, rate matching and scrambling sequence initialization follows the UE’s serving cell; quasi-co-location assumptions can be signaled as indicated in Table 1. 

· For PDSCH scheduled through DCI format 1A, rate matching and scrambling sequence initialization follows the UE’s serving cell.  Quasi-co-location assumptions should be in line with Behavior A (i.e., quasi-co-location of CRS, CSI-RS and DM-RS). 
3
Details of aperiodic CSI triggering

In our view, aperiodic CSI feedback reporting for CoMP should be kept simple and its design should be aligned as much as possible with existing concepts in carrier aggregation.  In fact, CSI reporting for multiple component carriers shares many similarities with CSI reporting for dynamic point selection (DPS).  

3.1
Triggering mechanism for a 2-bit CSI request field

At RAN1#69 it was agreed that a 2-bit CSI request field will be used for triggering of CoMP feedback when multiple CSI processes are configured for CoMP.  In this section, we present our views on remaining design details of the triggering procedure.  Overall, we think that the principles of the existing CA triggering procedure can be largely reused. 

In particular, out of the 4 code points defined by the 2-bit CSI request field, one should be reserved for no reporting, one for the CoMP hypothesis with index-0, and two could be associated respectively with an RRC configured set.  Each of the RRC-configured sets contain indices of the CSI processes which are to be reported if the corresponding RRC-configured set is triggered.  Note that this proposal closely matches Rel-10 CA, essentially only replacing the notion of “serving cell” with “CSI process.”

If joint CoMP/CA operation is configured, then the code point ‘01’ selects the CSI process with index-0 associated with serving cell c.  Each of the code points ‘10’ and ‘11’ would still correspond to an RRC-configured set in this case which may contain a mixture of CSI processes associated with different component carriers. 

Table 1: Proposed table for triggering aperiodic CSI reports with a 2-bit request field.

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for CoMP CSI process with index-0 on serving cell c

	‘10’
	Aperiodic CSI report is triggered for a 1st set of CSI processes configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of CSI processes configured by higher layers


Proposal 6: 

· For a 2-bit CSI request field, use the trigger to select among (1) reporting of CoMP CSI process with index-0 on serving cell c; or (2) reporting one of two sets of CoMP CSI processes where each set is configured by higher layers. 

3.2
Triggering mechanism for a 1-bit CSI request field

If a 1-bit CSI request field is triggering the aperiodic report, then one of the two code points should be reserved for no reporting and the other should correspond to reporting the CoMP CSI process with index-0.  Note that this corresponds to the first two rows of Table 1. 

Proposal 7: 

· For a 1-bit CSI request field, use the trigger for reporting the CoMP CSI process with index-0. 
4
eNB frequency accuracy for CoMP
At RAN1#70 and in a subsequent email discussion, an LS to RAN4 was agreed which provided details on the CSI-RS/DM-RS quasi-co-location signaling [1].  In particular, as part of this LS, a UE behavior was defined which implied that the UE is expected to derive a Doppler shift estimate based on CSI-RS and use it according to a dynamically indicated CSI-RS-to-DM-RS mapping.  The description of Behavior B is provided below for reference [4]: 

CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {
Delay spread, Doppler spread, Doppler shift, Average gain, 
Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt { Delay spread, Doppler spread, Doppler shift, Average delay }

The UE behavior implied by the above seems in conflict with an earlier conclusion as part of NCT studies which concluded that CSI-RS is insufficient for frequency tracking.  In order to resolve this conflict two alternatives could be considered: 

· Alt-1: No eNB frequency errors within a CoMP coordination set. UE assumes quasi-co-location for Doppler shift and Doppler spread for CRS, CSI-RS, and DM-RS.  The UE may consequently utilize the CRS to perform frequency tracking which avoids the aforementioned estimation problems with CSI-RS. Further, a RAN4 requirement is introduced for maintaining small relative eNB frequency errors within a CoMP coordination set (i.e., smaller than existing requirements for non-CoMP). 

· Alt-2: Relative eNB frequency errors are possible within a CoMP coordination set. UE assumes no quasi-co-location for the Doppler shift and Doppler spread which results in performance degradation due to CSI-RS based frequency measurement.  A corresponding performance relaxation could be evaluated and introduced by RAN4.  It is important to note though that this relaxation would apply regardless of whether a particular RAN4 test has zero or non-zero frequency offset because the UE will have imperfect frequency estimation regardless.  

In our view, it is important to reach a common understanding regarding the two alternatives above as well as what eNB frequency offset could be expected.  If consensus is reached in RAN1, it seems desirable to communicate the same to RAN4.  Also, it seems useful to indicate to RAN4 that RAN1 has determined that the current CSI-RS is not sufficient for accuracy frequency tracking.
5
Conclusion

In summary we have made the following proposals regarding remaining signaling details of DL CoMP: 
Quasi-co-location and rate matching assumptions
· CRS/CSI-RS quasi-co-location assumptions are important in multi-cell CoMP setups where they provide an implicit indication of CRS/DM-RS co-location. 

· Semi-static signaling of CRS/CSI-RS quasi-co-location assumptions suffices to provide this connection.  

· The signaling may further be restricted to only those CSI-RS resources for which CSI-RS/DM-RS co-location signaling may be provided. 

· PDSCH rate matching in support of multi-cell JP-CoMP should focus only on a single CRS configuration

· Rate matching around more than one CRS configuration incurs significant overhead that likely outweighs any achievable CoMP gain
· The PDSCH starting symbol should be signaled semi-statically for each configured rate matching pattern. 

· Overhead savings are therefore achievable if average control region sizes are different among cells.  

· Use nSCID to perform dynamic signaling of quasi-co-location and rate matching assumptions

· Use two RRC-configured sets to signal the quasi-co-location and PDSCH rate matching parameters.  

· For ePDCCH, rate matching and scrambling sequence initialization follows the UE’s serving cell; quasi-co-location assumptions can be signaled as indicated in Table 1. 

· For PDSCH scheduled through DCI format 1A, rate matching and scrambling sequence initialization follows the UE’s serving cell.  Quasi-co-location assumptions should be in line with Behavior A (i.e., quasi-co-location of CRS, CSI-RS and DM-RS). 
Details of aperiodic CSI triggering
· For a 2-bit CSI request field, use the trigger to select among (1) reporting of CoMP CSI process with index-0 on serving cell c; or (2) reporting one of two sets of CoMP CSI processes where each set is configured by higher layers. 

· For a 1-bit CSI request field, use the trigger for reporting the CoMP CSI process with index-0. 
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