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1 Introduction

At RAN1#67, LS [1] was sent to RAN4 indicating that there is flexibility with respect to mapping different antenna ports of a cell to different geographically separated antennas (points). RAN4 replied at RAN1#68bis with LS [2] asking for clarifications on the following points: 
· Question 1: To clarify whether any RS ports may be assumed as co-located or not, in particular whether CRS ports, DM-RSs or CSI-RSs can be considered as co-located or not.

· Question 2: To provide information on the most relevant scenarios in terms of antenna ports deployment and power imbalance which need to be considered in RAN4.
At RAN1#68bis, RAN1 discussed a definition of antenna port collocation [3], which was approved in LS [4] sent to RAN4:
Definition: “If two antenna ports are “quasi co-located”, the UE may assume that large-scale properties of the signal received from the first antenna port can be inferred from the signal received from the other antenna port”.
The “large-scale properties” mentioned in the above definition consist of some or all of:
· Delay spread 

· Doppler spread 

· Frequency shift

· Average received power 

· Received Timing

LS [4] additionally clarified that RAN1’s understanding is that a CoMP capable UE may operate with a single FFT timing per receive antenna port to perform all CSI and demodulation related operations.
In this contribution, we discuss the two questions from RAN4 in LS [2] and provide a possible response in view of the agreed definition of antenna port quasi-collocation. 

2 Considerations on the large-scale properties

It is understood that if two antenna ports are assumed to be quasi-collocated by the UE, only some of the large-scale properties may be relevant to this assumption. If all possible combinations are considered, the complexity of the UE assumptions may be too large. It is in fact possible to separate the large-scale properties into three groups considering the possible usage of the assumption of quasi-collocation, as shown in Table 1. An underlying assumption in Table 1 is that tracking time and frequency synchronization, and estimating power-delay-profile, delay spread and Doppler spread, cannot be performed on DMRS alone, which seems justified by the current technology and DMRS design.
Table 1 – Grouping of large-scale properties
	UE’s usage of quasi-collocation assumption
	Relevant large-scale properties

	Averaging of RSRP measurements over two or more antenna ports
	Average received power

	Tracking time and frequency synchronization over one port, and use the same synchronization for demodulation over another port
	Frequency shift and received timing

	Estimation of power-delay-profile, delay spread and Doppler spread over one port, and use these estimates in the Wiener filter used for channel estimation over another port
	Delay spread and Doppler spread


In the remainder of this paper, we will therefore consider these three groups of large-scale properties rather than the five properties separately.

3 Which antenna ports can the UE assume to be quasi-collocated?
3.1 RSRP measurements

Up to Rel-10, RSRP measurements can only be taken on CRS. CRS port 0 is always used for RSRP measurements. If it can be detected, CRS port 1 can also be used. Not all UEs would use both CRS ports 0 and 1 for RSRP measurements. Therefore the following two behaviours are allowed up to Rel-10:

· UE makes no assumption on quasi-collocation of CRS ports 0 and 1

· UE assumes that CRS ports 0 and 1 are quasi-collocated with respect to average received power

There is no case where the UE would need to assume that CRS ports 0 and 1 are not quasi-collocated since there is no relevant UE processing associated with such an assumption. Introducing this assumption in Rel-11 should be justified by a need for such UE processing.

A scenario where CRS ports are deployed in an interleaved fashion was presented in [5], and measurements pointed to performance degradation when CRS ports are received with power imbalance. The performance degradation might be the result of the possible UE assumption that CRS ports 0 and 1 are quasi-collocated, as could be the case for some legacy UEs. Unfortunately, introducing an assumption on non-quasi-collocation for CRS ports 0 and 1 would still not fix the behaviour of legacy UEs. 

While Rel-11 UEs could operate in existing deployments with interleaved CRS ports, it would make more sense to upgrade these deployments with CSI-RS ports to ensure optimal performance of Rel-11 UEs and coexistence with legacy UEs. In these types of shared cell ID deployments, UE processing problems in CSI feedback and demodulation with received power imbalance are best handled with CoMP using dynamic point selection. On the other hand, a Rel-11 UE may still make a mistake averaging CRS ports 0 and 1 for RSRP, even if it is configured in a Rel-11 transmission mode. However, it is unclear whether problems exist for RSRP feedback in interleaved CRS deployments, since there is no handover within the coverage area of a single cell operating as in CoMP scenario 4.
Observation 1: scenarios with interleaved antenna ports are best handled with CSI-RS based dynamic point selection.  There is no need to change the UE behaviour concerning CRS ports. The UE should still be able to make either no assumption on quasi-collocation, or to assume that CRS ports 0 and 1 are quasi-collocated with respect to average received power for RSRP measurements.
In Rel-11, RSRP measurements taken on CSI-RS will be introduced if the working assumption made at RAN1#68 is confirmed. RSRP measurements relative to one RSRP report are taken on a CSI-RS resource in the CoMP Resource Management Set. It is yet to be decided how many ports could be configured in a CSI-RS resource in the CoMP Resource Management Set. However, it should be clear that if two CSI-RS ports are transmitted, using just one of the two ports would result in worse RSRP accuracy than if just one CSI-RS port was transmitted due to the power sharing of the two CSI-RS ports separated by an orthogonal cover code of length two. Therefore, when two CSI-RS ports are configured, the UE should average RSRP measurements on the two CSI-RS ports. Compared to the UE behaviour for CRS, a Rel-11 UE would need to support the following two behaviours for one RSRP report based on one CSI-RS resource in the CoMP Resource Management Set:
· UE estimates RSRP on one CSI-RS port if one CSI-RS port is configured
· UE estimates RSRP on two CSI-RS ports if two CSI-RS ports are configured; the UE shall assume that the two CSI-RS ports are quasi-collocated with respect to average received power

We can see that the UE assumption on quasi-collocation of CSI-RS ports that belong to the same CSI-RS resource in the CoMP Resource Management Set would need to be enforced in Rel-11.

Observation 2: A Rel-11 UE shall assume that all CSI-RS ports configured in one CSI-RS resource in the CoMP Resource Management Set are quasi-collocated with respect to average received power. This assumption is necessary for accurate RSRP measurements and proper management of the CoMP Measurement Set.
3.2 Synchronization

A UE needs accurate time and frequency synchronization for demodulation. The UE would normally make adjustments to time and frequency synchronization by tracking over CRS. Legacy UEs implicitly assume that PSS, SSS and CRS are quasi-collocated with respect to {frequency shift, received timing} for synchronization processing, and then assume that the RS ports used for demodulation of the PDSCH are well synchronized. This assumption is expected to work well when CSI feedback is based on CRS, whether demodulation is based on CRS or DMRS. 
In Rel-11 CoMP, the UE will estimate multiple channels relative to different CSI-RS resources in the CoMP Measurement Set, and subsequently report multiple CQI/CSI. The eNB will then transmit the PDSCH from one or more of the transmission points within the CoMP Measurement Set. For example in case of DPS, the PDSCH would correspond to one of the CSI-RS resources. Depending on the particular network deployment, there could be situations where CRS ports and the CSI-RS ports in that CSI-RS resource cannot be assumed quasi-collocated with respect to any of the large-scale properties, meaning that UE performance could not be guaranteed if the UE made an assumption on quasi-collocation for synchronization.
If such situations are deemed important for Rel-11, then it would be necessary to signal to the UE a reference over which the UE may track time and frequency synchronization. From the view point of collocation, the eNB knows which CSI-RS could be taken as a reference and signal it to the UE. However, it has been shown that the current design of CSI-RS does not allow accurate tracking of frequency synchronization [6]. Therefore, signalling of a CSI-RS resource as a reference from synchronization tracking would not be useful unless it is coupled with a re-design of the CSI-RS.

With a fiber-based backhaul, practically perfect transmitter-side time and frequency synchronization accuracy can be achieved. One way of avoiding the need for a new synchronization reference (other than the CRS of the serving cell) would be for the network to limit the size of the CoMP coordination area in order to limit the differences in propagation delay between any two transmission points, and to limit the application of CoMP to fixed or nomadic UEs in order to limit the impact of Doppler shift. 
Observation 3: a Rel-11 UE may benefit from being informed about a reference RS port (other than the CRS of the serving cell) for tracking time and frequency synchronization for CoMP operation in deployments with a large CoMP coordination area and for supporting CoMP operation during mobility. That reference would provide a quasi-collocation assumption with DMRS ports with respect to {frequency shift, received timing}. There is, however, no currently available RS (other than CRS) that simultaneously provide sufficient time and frequency density for accurate synchronization tracking.
3.3 Channel estimation and demodulation

Similar to the discussion in section 3.2, legacy UEs benefit from an implicit collocation assumption between CRS and DMRS for the estimation of power-delay-profile, delay spread and Doppler spread over CRS. Those parameters are then used in the Wiener filter applied to channel estimation over DMRS.

In Rel-11 CoMP with DPS, the UE will estimate multiple channels relative to different CSI-RS resources in the CoMP Measurement Set, and subsequently receive PDSCH from one or more of the transmission points within the CoMP Measurement Set. Depending on the particular network deployment, there could be situations where CRS ports and the CSI-RS ports in that CSI-RS resource cannot be assumed quasi-collocated with respect to any of the large-scale properties, meaning that UE performance could not be guaranteed if the UE made an assumption on quasi-collocation for some types of channel estimators. If such situations are deemed important for Rel-11, then it would be necessary to signal to the UE a reference CSI-RS port over which the UE may estimate the power-delay-profile, delay spread and Doppler spread for demodulation. CSI-RS ports in the CoMP Resource Management Set may be good candidates for such reference, a CSI-RS resource in the CoMP Resource Management Set naturally corresponds to one TP.

Observation 4: a Rel-11 UE may benefit from being informed about a reference RS port (other than the CRS of the serving cell) for estimating the power delay profile and Doppler spread. That reference would provide a quasi-collocation assumption with DMRS ports with respect to {delay spread, Doppler spread}.
3.4 Performance of CSI feedback

A UE may not be able to feedback the proper CSI (rank, PMI) if measurement reference signals corresponding to the same PMI are received with power imbalance [5]. In the context of CoMP, channel measurements are taken on CSI-RS ports that belong to the same CSI-RS resource in the CoMP Measurement Set, according to the agreement of per-CSI-RS-resource feedback. When the CSI-RS ports in the same CSI-RS resource are transmitted by the same transmission point, the antennas are physically collocated within a few wavelengths so quasi-collocation is ensured.

There are cases, however, where the network may want to configure CSI-RS ports that are transmitted from different transmission points in the same CSI-RS resource, in particular for supporting coherent joint transmission based on the framework of per-CSI-RS-resource feedback. Another example was shown in [7][8], where a third resource is configured to obtain the inter-point phase information. A robust UE method for CSI feedback would need to be guaranteed. The UE would need not to make an assumption on quasi-collocation of CSI-RS ports in the same CSI-RS resource.
Considering the more stringent constraint and the fact that the UE does not know which CoMP scheme is used at the eNB, a Rel-11 UE should not make any assumption about CSI-RS ports collocation even within the same CSI-RS resource, when the CSI-RS resource belongs to the CoMP Measurement Set.
Observation 5: a Rel-11 UE should not make any assumption on quasi-collocation of CSI-RS ports in the same CSI-RS resource in the CoMP Measurement Set.
4 Important scenarios for RAN4 performance tests

Four scenarios are considered important in RAN1 for Rel-11 operation with DL CoMP. In all four scenarios, multiple transmission points are involved in the CSI feedback based on CSI-RS. Each transmission point is equipped with a set of physically/geographically collocated antennas. Antennas belonging to different transmission points are not physically collocated.
The UE should be tested assuming it follows the default assumptions of quasi-collocation summarized in Table 2, even though a particular test setup would clearly identify which antenna ports are geographically collocated. Therefore, without any explicit signalling about quasi-collocation assumptions, the UE behaviour is expected to be the same in all four scenarios.

If RAN1 decided on signalling of one or more reference RS for supporting a quasi-collocation assumption with UE-specific RS, based on which the UE would be able to properly adjust its synchronization and estimate channel parameters used in channel estimation over UE-specific RS, then this signalling should be included in the tests relative to the four scenarios described below.
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Figure 1 – Setup 1 for scenarios A1, A2 and B

Scenario A1 (DPS in CoMP scenarios 1, 2 and 3): Setup of Figure 1 where TP0 and TP1 belong to different cells. TP0 is the only transmission point in the serving cell. UE reports one RI/PMI/CQI for each of CSI-RS resources 2 and 3. Subsequently, eNB transmits from TP1 using the PMI reported for CSI-RS resource 3. UE demodulates the PDSCH using UE-specific RS. The association of CSI-RS resource to transmission point is known only to the eNB. 
· In scenario A1, none of the physical antennas used for transmitting CRS are used for transmitting DMRS.
Scenario A2 (DPS in CoMP scenario 4): Setup of Figure 1 where TP0 and TP1 belong to the same cell. CRS ports 0 and 1 of the serving cell are transmitted in SFN manner from both TP0 and TP1. UE reports one RI/PMI/CQI for each of CSI-RS resources 2 and 3. Subsequently, eNB transmits from TP1 using the PMI reported for CSI-RS resource 3. UE demodulates the PDSCH using UE-specific RS. The association of CSI-RS resource to transmission point is known only to the eNB.
· In scenario A2, physical antennas used for transmitting DMRS are a subset of the physical antennas used for transmitting CRS.
Scenario B (CS/CB in CoMP scenarios 1, 2, 3): Setup of Figure 1 where TP0 and TP1 belong to different cells. TP0 is the only transmission point in the serving cell. UE reports one RI/PMI/CQI for each of CSI-RS resources 2 and 3. Subsequently, eNB transmits from TP0 using the PMI reported for CSI-RS resource 2. UE demodulates the PDSCH using UE-specific RS. The association of CSI-RS resource to transmission point is known only to the eNB.
· In scenario B, CRS and DMRS are transmitted from the same set of physical antennas. 
Scenario C (JT in CoMP scenario 1): Setup of Figure 2 where TP0 and TP1 belong to different cells. TP0 is the only transmission point in the serving cell. UE reports one RI/PMI/CQI for CSI-RS resources 2. Subsequently, eNB transmits from TP0 and TP1 using the PMI reported for CSI-RS resource 2. UE demodulates the PDSCH using UE-specific RS. The association of CSI-RS resource to transmission point is known only to the eNB.
· In scenario C, physical antennas used for transmitting CRS are a subset of the physical antennas used for transmitting DMRS.
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Figure 2 – Setup 2 for scenario C

5 Conclusions
This contribution provides an analysis of the processes for which the UE requires or may benefit from assuming quasi-collocation of certain antenna ports with respect to certain properties. In particular, it was observed that a UE may benefit from being signalled a quasi-collocation assumption for the purpose of synchronization and parameter estimation for channel estimation over UE-specific RS. RAN1 should further discuss this potential need in the context of the CoMP WI.

Proposal 1: RAN1 should further discuss in the context of the Rel-11 CoMP WI whether signalling of one or more reference RS should be introduced for supporting a quasi-collocation assumption with UE-specific RS, based on which the UE would be able to properly adjust its synchronization and estimate channel parameters used in channel estimation over UE-specific RS.

Based on the discussion, the proposed default assumptions are summarized in Table 2. A UE should assume that two RS ports are not quasi-collocated or quasi-collocated with respect to the listed properties.
Table 2 – Rel-11 UE assumption on RS ports quasi-collocation
	
	CRS port A
	DMRS ports A
	CSI-RS port A

	CRS port B
	For the same serving cell, quasi-collocated for:
- {delay spread, Doppler spread}
- {freq shift, received timing}
- average received power 

Otherwise:
- not quasi-collocated 
	For TM7, TM8, and TM9 without RI/PMI feedback, quasi-collocated for:
- {delay spread, Doppler spread}
- {freq shift, received timing}

Otherwise:
- not quasi-collocated
	Not quasi-collocated

	DMRS port B
	
	For DMRS scheduled by the same PDCCH in the same subframe and PRB Group, quasi-collocated for:
- {delay spread, Doppler spread}
- {freq shift, received timing}

Otherwise:
- not quasi-collocated
	Not quasi-collocated
- unless in specific cases if RAN1 decides to introduce signalling to inform the UE about a quasi-collocation assumption

	CSI-RS port B
	
	
	Within the same CSI-RS resource in the CoMP resource management set:
- {delay spread, Doppler spread}
- {freq shift, received timing}
- average received power

Otherwise:
- not quasi-collocated


This contribution also discussed the important scenarios for which RAN4 should define performance tests in relation to the UE assumption of quasi-collocation. The proposed scenarios are the following:
· Scenario A1 (DPS in CoMP scenarios 1, 2 and 3)

· Scenario A2 (DPS in CoMP scenario 4)

· Scenario B (CS/CB in CoMP scenarios 1, 2, 3)

· Scenario C (JT in CoMP scenario 1)
Details relevant to these assumptions and scenarios should be confirmed considering RAN1 future agreements relative to the CoMP Resource Management Set, and potential signalling of reference signal to help the UE synchronize and perform channel estimation over UE-specific RS.
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