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1 Introduction

During RAN1#70 in Qing Dao, good progress was achieved on the ports co-location topic, resulting in LS [1] and a number of agreements. One open issue is described by the following agreement, as taken from [2]: 
Agreement:

One of the behaviors supported by a Rel-11 UE is behavior A as described below:

A:

· CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour
Clarification: B, C, D and E from (R1-123979) are each considered as a unique UE behaviour.

The second UE behaviour supported by a Rel-11 is the following:

· 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

Alt.1:

· CRS ports and PDSCH DMRS ports shall not be assumed as quasi co-located wrt all properties

· CRS ports and CSI-RS ports shall not be assumed as quasi co-located wrt all properties

Alt.2:

· CRS ports for the serving cell and CSI-RS ports may be assumed as quasi co-located wrt all properties

· Implicit signaling or RRC configuration defines the quasi co-location assumption between CSI-RS and CRS

· Quasi co-location assumptions between CRS and DMRS follow from the assumptions between CSI-RS/DMRS and CRS/CSI-RS

· In absence of other quasi co-location assumptions, CRS and DMRS shall not be assumed as quasi co-located
Conclusion:

· Companies are invited to submit a common proposal describing the details for Alt.2 to the Friday afternoon revisions session

· In case Alt.2 is agreed, the following agreement is reverted: “In addition to behaviour A, a Rel-11 UE supports at most only another UE behaviour”

· In case of lack of agreement on Alt.2, Alt.1 is confirmed.
The subsequent email discussion [70-19] focused on WF R1-124019, which clarifies the details of Alt.2 according to some companies preferences. It was however impossible to agree during the email discussion on the need of CSI-RS / CRS quasi co-location, as well as on the details on when such quasi co-location may be assumed.

This contribution aims at concluding the open issues for antenna ports quasi co-location. In particular, the following issues are to be further discussed:

· CSI-RS / CRS quasi co-location 

· Support of JT for DL CoMP

· ePDCCH DMRS quasi co-location
· Signaling of quasi co-location assumptions

· Association of quasi co-location behaviours to TMs

2 CSI-RS / CRS Quasi Co-location
Simulation results from RAN1#70 [3][4] show a rather limited performance loss by removing quasi co-location assumptions for DMRS, limited to narrow PDSCH allocations and a limited SNR range. It is also shown in [4] that quasi co-location of DMRS with CSI-RS is able to compensate for the above performance loss. Based on these results, it seems not technically justified to introduce additional quasi co-location assumptions between CSI-RS and CRS in order to aid PDSCH demodulation.
Another aspect to be considered, as already observed during the email discussion [70-19], is that support to CoMP scn.4 requires signalling of non co-location of CRS with CSI-RS. One consequence is the need for the UEs to support yet another quasi co-location option. Furthermore performance requirements set by RAN4 for scn.4 will be based on the assumption that UEs shall not take advantage of CSI-RS / CRS quasi co-location. In other words, UEs are required to perform efficiently even without exploiting such co-location, and it appears redundant to provide the UEs with an optionally signalled quasi co-location assumption that is not needed for satisfying performance requirements.

Proposal

· There is no apparent technical benefit provided by quasi co-location of CSI-RS and CRS for the “second behaviour”

· Confirm Alt.1 in the agreement on PDSCH DMRS / CRS / CSI-RS quasi co-location
3 Support of JT for DL CoMP

In case of joint transmission, the equivalent channel associated to DMRS results from the composition of multiple precoded channels. A number of options are possible for quasi co-location of DMRS and CSI-RS:

1. The NW signals co-location of DMRS with one CSI-RS resource transmitted from one of the TPs cooperating in JT. The choice of the most suitable CSI-RS resource is by NW implementation.
2. The NW configures a CSI-RS resource that is virtualized over multiple TPs possibly cooperating for JT. When the UE is operating on JT, the NW signals co-location of DMRS with the virtualized CSI-RS resource.

3. The NW dynamically signals non co-location of CSI-RS with DMRS in case of JT.

4. The NW signals quasi co-location of DMRS with multiple CSI-RS resources.

It is noted that options 1 and 2 are by NW implementation, while 3 and 4 require a change in the existing agreements for quasi co-location. 

Options 1 and 2 both suffer from the fact that the UE is in general not able to evaluate the correct long term channel properties for the equivalent JT channel. An exception is intra-site CoMP where co-location with a single CSI-RS may still provide a sufficiently accurate reference. Especially for heterogeneous cases and scn.2, it seems natural to assume a larger bias for option 1 than option 2. The drawback of option 2 is that it requires configuration of a “virtualized” CSI-RS resource and corresponding measurements at the UE side, implying a trade-off between the CSI-RS resources for co-location associated to DPS and those associated to JT.
Option 3 appears as a robust alternative. Even though quasi co-location with DMRS may not be exploited by option 3, it is observed that the potential performance increase by indication of such co-location is associated to a limited SNR range and channels with large delay spread [3].
Finally, Option 4 seems to be quite unclear (how can a single DMRS be quasi co-located with multiple CSI-RS transmitted from different points?). Considering that most long term channel properties would differ for the multiple CSI-RS resources associated to JT, it is rather arbitrary how the UE would combine such properties for the associated JT DMRS. Being the UE agnostic to the precoding for DMRS based transmission, it is in practice impossible for any UE implementation to derive the correct long term channel properties associated to DMRS. 

Based on the above considerations, Options 1, 2 and 3 seem all acceptable, while Option 4 is not preferred.
Proposal

· Quasi co-location of DMRS with multiple CSI-RS resources for the same PDSCH is not supported
4 ePDCCH DMRS quasi co-location

4.1 Quasi co-location Assumptions between ePDCCH Ports

It is clear that it should be possible to transmit ePDCCH from a different TP than PDSCH and PDCCH, at least for TMs supporting DL CoMP. Furthermore, DPS for ePDCCH should be supported for a number of applications including, e.g., control channel offloading at specific TPs, macro diversity for ePDCCH transmission and partial reconfigurations of the ePDCCH sets between different TPs. Considering the introduction of ePDCCH sets for distributed and localized allocations, the following assumption appears as a reasonable flexibility/performance trade-off. 

Proposal
· For each ePDCCH distributed set:

· All ePDCCH DMRS ports associated to each distributed ePDCCH set may be assumed as quasi co-located w.r.t. all long term channel properties
· For each ePDCCH localized set:

· ePDCCH DMRS ports associated to each localized ePDCCH set (e.g., different ports associated to different DCI formats targeting the same UE) shall not be assumed as quasi co-located w.r.t. any of the long term channel properties
· ePDCCH DMRS ports belonging to different ePDCCH sets shall not be assumed as quasi co-located w.r.t. any of the long term channel properties

4.2 Quasi co-location Assumptions between ePDCCH Ports and other RS Types

Another outstanding issue is quasi co-location between ePDCCH DMRS ports and other RS types. For flexibility reasons it would be preferred to avoid defining such quasi co-location, at least for TMs configured to support DL CoMP. On the other hand, quasi co-location of ePDCCH ports with a CSI-RS resource may benefit ePDCCH performance at the cost of reasonable limitations in ePDCCH flexibility.
Channel estimation is considered to be rather challenging for localized ePDCCH because in that case only DMRS belonging to a single PRB pair may be exploited. For distributed ePDCCH, DMRS are spread over the set and a larger number of DMRS may be exploited at least for long term channel properties estimation such as average delay and delay spread. Thus, distributed ePDCCH is expected to be somewhat less critical from a long term channel properties estimation point of view.
In order to ensure good ePDCCH performance in all scenarios, it is proposed to define quasi co-location of ePDCCH DMRS ports with configured CSI-RS resources, at least for all TMs where CSI-RS are available (TM 9-10). For TMs where ePDCCH is supported but CSI-RS are not available, ePDCCH DMRS may be quasi co-located with CRS.

Observation:

· It may be beneficial to quasi co-locate ePDCCH DMRS ports with CSI-RS or CRS ports, depending on the TM and availability of CSI-RS
· Quasi co-location of ePDCCH DMRS ports with CSI-RS should be preferred over co-location with CRS for those TMs where CSI-RS are available
4.3 Multiple Behaviours for ePDCCH DMRS Quasi Co-location

Based on the observations in Section 4.2 and similarly to PDSCH DMRS, it is natural to define multiple configurable behaviours also for ePDCCH, depending on the deployment the UE is operating in.

Proposal

· Define multiple configurable ePDCCH behaviours

The following ePDCCH behaviours are proposed:

Proposal:

· Support the following ePDCCH behaviours:
· ePDCCH Behaviour A:
· All ePDCCH ports may be assumed as quasi co-located with CRS
· ePDCCH Behaviour B:
· Localized ePDCCH set: Each ePDCCH port may be assumed as quasi co-located with a RRC configured CSI-RS resource
· Distributed ePDCCH set: All ePDCCH ports within each set may be assumed as quasi co-located with a RRC configured CSI-RS resource
· ePDCCH ports shall not be assumed as quasi co-located with CRS, PDSCH DMRS or PSS/SSS
5 Association of ePDCCH quasi co-location behaviours to TMs

For TM1-8 it is natural to support only ePDCCH Behaviour A.

For TM 9-10, at least ePDCCH Behaviour B should be supported for guaranteeing ePDCCH flexibility. There seem to not be strong reasons for supporting also ePDCCH Behaviour A in TM 9-10, given that CSI-RS are always available in such TMs. Our proposal is as follows:
Proposal:

· Map ePDCCH Behaviours to TMs as in Table 1.

Table 1: Summary of mapping of ePDCCH behaviours to TMs
	Purpose:
	Supported ePDCCH Behaviour (defined in Section 4.3)

	TM1-8
	ePDCCH Behaviour A

	TM9
	ePDCCH Behaviour B
(the reference CSI-RS resource for quasi co-location is the one used for CSI feedback)

	TM10
	ePDCCH Behaviour B

(the reference CSI-RS resource(s) for quasi co-location are configured by the network)


6 Association of PDSCH DMRS quasi co-location behaviours to TMs

For TM1-8 it makes sense to confirm the default PDSCH DMRS behaviour (A) with respect to quasi co-location of antenna ports.

For TM9, it makes sense to use default PDSCH DMRS behaviour (A) with respect to quasi co-location of PDSCH DMRS antenna ports, as well as supporting the “second behaviour” defined in [2]. When configured, TM9 may assume by default behaviour A, and switch to “second behaviour” by RRC indication. TM9 in “second behaviour” is expected to be the preferred TM for supporting CoMP when the association of the UE to TPs is relatively stable. Note that TM9 with the “second behaviour” may also efficiently support reciprocity based CoMP where feedback based on multiple CSI-RS processes is not needed.
For TM10, both the default quasi co-located behaviour (A) and the “second behaviour” should be supported. When configured, TM10 may assumed by default behaviour A, and switch to “second behaviour” by RRC indication.

Table 2: Summary of supported behaviours

	
	Supported behaviours (as defined in [2])

	
	Default (A)
	“Second behaviour”

	TM1-8
	X
	

	TM9
	X (default)
	X

	TM10
	X (default)
	X


As seen from Table 2, Rel-11 version of TM9 and TM10 enjoy the same behaviors. This is advantageous from a commonality perspective including reuse of TM10 implementation for TM9.

For clarification purpose, it is observed here that the assumption of Behaviour A as the default UE behaviour is limited to Rel-11 UEs. As clearly stated in [5], we confirm RAN1’s understanding that legacy UEs are expected to implement non co-location of different RS ports.

Proposal

· Support PDSCH DMRS Behaviours to TM mapping as in Table 2
· TM1-8 support only Behaviour A

· TM9-10 support both Behaviour A and the “second behaviour” defined in [2]
· Signalling of the desired behaviours is by RRC messages
7 Dynamic Signalling of quasi co-location assumptions for PDSCH DMRS and DCI Format 2D
Dynamic signalling of quasi co-location assumptions between DMRS and CSI-RS for the “second behaviour” is achieved by implicit or explicit indication by the scheduling grants. The following options are considered:
1. Reuse the field nSCID in the scheduling grants (2D) for implicitly signalling different DMRS quasi co-location hypotheses

2. Introduce 1 additional bit in DCI format 2D for indication of quasi co-location assumption for DMRS

3. Introduce 2 additional bits in DCI format 2D for indication of quasi co-location assumption for DMRS.

Option 1 is not preferable for signalling of quasi co-location assumptions for the following reasons:
· The field nSCID is employed for DMRS scrambling indication, a function typically exploited for MU-MIMO and therefore not directly related to signalling of different quasi co-location hypotheses

· The field nSCID is only available for rank < 3

Options 2 and 3 provide more freedom but they both suffer both from the issue of increased overhead, which is clearly undesirable. Furthermore, when a CoMP UE is associated to a TP in a rather a stable fashion, signalling of quasi co-location assumptions does not need to be dynamic and the additional overhead carried by DCI format 2D is not valuable. Another use case is reciprocity based CoMP, where multiple CSI processes are not needed for feedback and a single CSI-RS resource may be efficiently exploited for DMRS quasi co-location in most cases.
Observation

· It is not preferred to reuse the field nSCID in the scheduling grants (2D) for implicitly signalling different DMRS quasi co-location hypotheses

· The overhead associated to dynamic signalling of DMRS quasi co-location should be as small as possible
· It should be possible to avoid the additional overhead associated to dynamic indication of quasi co-location assumptions for PDSCH DMRS when a single CSI-RS resource is sufficient for quasi co-location with PDSCH DMRS 
Based on the above observations, Option 2 may be efficiently achieved for DCI 2D by reusing the bit(s) associated to indication of the PDSCH mapping, the so-called PDSCH mapping info (PDMI).
Proposal

· For DCI Format 2D, employ 1 bit associated to the indication of the CRS rate matching patterns for indication of the PDSCH DMRS quasi co-location assumption.

· For DCI Format 2D, employ the same 1 bit used for singaling PDMI also for indication of the PDSCH DMRS quasi co-location info (QCI).

8 Semi-statically Configured DMRS Quasi Co-location assumptions 
When DCI Format 1A is employed and when the bits for dynamic indication of quasi co-location assumptions are not present in DCI formats, quasi co-location assumptions for PDSCH DMRS still need to be indicated to the UE. This can be done by RRC configuration of a “default CSI-RS resource for quasi co-location” that is only employed for quasi co-location purposes. Such “default CSI-RS resource for quasi co-location” may also be exploited for quasi co-location with ePDCCH DMRS for TM 10 in Behaviour A. In the following, different cases are analyzed and the results are summarized in Table 3.
Proposal

· For TM9-10 configured in “second behaviour”, the PDSCH DMRS port(s) may be assumed as quasi co-located with the “default CSI-RS resource for quasi co-location” unless explicitly signalled by the DCI format.
A summary of the PDSCH DMRS ports quasi co-location assumptions for different TMs is reported in Table 3.

Table 3: Summary of CSI-RS Resources for quasi co-location with PDSCH DMRS
	Purpose:
	CSI-RS for quasi co-location with PDSCH DMRS (“second behaviour” only)

	TM10 using DCI 2D
(when PDMI/QCI bit present)
	Co-locate with 1 out of 2 configured CSI-RS resources, dynamically indicated by QCI 

	TM9 using DCI 2C
(when PDMI/QCI bit present)
	Co-locate with 1 out of 2 configured CSI-RS resources, dynamically indicated by QCI

	TM9-10, using DCI 1A when triggering DMRS-based PDSCH
	Default CSI-RS resource for quasi co-location

	TM9-10, using DCI 2D/2C (when PDMI/QCI bit not present)
	Default CSI-RS resource for quasi co-location


9 Conclusions

This contribution aims at concluding the remaining outstanding issues for ports quasi co-location. The following is observed and proposed:

Proposal

· There is no apparent technical benefit provided by quasi co-location of CSI-RS and CRS for the “second behaviour”

· Confirm Alt.1 in the agreement on PDSCH DMRS / CRS / CSI-RS quasi co-location
· Quasi co-location of DMRS with multiple CSI-RS resources for the same PDSCH is not supported
· For each ePDCCH distributed set:

· All ePDCCH DMRS ports associated to each distributed ePDCCH set may be assumed as quasi co-located w.r.t. all long term channel properties
· For each ePDCCH localized set:

· ePDCCH DMRS ports associated to each localized ePDCCH set (e.g., different ports associated to different DCI formats targeting the same UE) shall not be assumed as quasi co-located w.r.t. any of the long term channel properties
· ePDCCH DMRS ports belonging to different ePDCCH sets shall not be assumed as quasi co-located w.r.t. any of the long term channel properties

Observation:

· It may be beneficial to quasi co-locate ePDCCH DMRS ports with CSI-RS or CRS ports, depending on the TM and availability of CSI-RS
· Quasi co-location of ePDCCH DMRS ports with CSI-RS should be preferred over co-location with CRS for those TMs where CSI-RS are available
Proposal

· Define multiple configurable ePDCCH behaviours

· Support the following ePDCCH behaviours:
· ePDCCH Behaviour A:
· All ePDCCH ports may be assumed as quasi co-located with CRS
· ePDCCH Behaviour B:
· Localized ePDCCH set: Each ePDCCH port may be assumed as quasi co-located with a RRC configured CSI-RS resource
· Distributed ePDCCH set: All ePDCCH ports within each set may be assumed as quasi co-located with a RRC configured CSI-RS resource
· ePDCCH ports shall not be assumed as quasi co-located with CRS, PDSCH DMRS or PSS/SSS
· Map ePDCCH Behaviours to TMs as in Table 1.

· Support PDSCH DMRS Behaviours to TM mapping as in Table 2
· TM1-8 support only Behaviour A

· TM9-10 support both Behaviour A and the “second behaviour” defined in [2]
· Signalling of the desired behaviours is by RRC messages
Observation

· It is not preferred to reuse the field nSCID in the scheduling grants (2D) for implicitly signalling different DMRS quasi co-location hypotheses

· The overhead associated to dynamic signalling of DMRS quasi co-location should be as small as possible
· It should be possible to avoid the additional overhead associated to dynamic indication of quasi co-location assumptions for PDSCH DMRS when a single CSI-RS resource is sufficient for quasi co-location with PDSCH DMRS 

Proposal

· For DCI Format 2D, employ 1 bit associated to the indication of the CRS rate matching patterns for indication of the PDSCH DMRS quasi co-location assumption.

· For DCI Format 2D, employ the same 1 bit used for signalling PDMI also for indication of the PDSCH DMRS quasi co-location info (QCI).

· For TM9-10 configured in “second behaviour”, the PDSCH DMRS port(s) may be assumed as quasi co-located with the “default CSI-RS resource for quasi co-location” unless explicitly signalled by the DCI format.
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