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Discussion and decision
1. Introduction
In RAN1#69 [1] we had several agreements & working assumptions related to quasi-co-location on antenna ports, but still several points are open including discussions on the need of quasi-co-location signalling and the benefit as well as assumed UE behaviour in case signalling would be available. We try to address these issues in this contribution. 
The agreements from RAN1#69 from [1] can be summarized as follows:

CRS Agreement:
· CRS may be assumed as quasi co-located by the UE wrt all long term channel properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} within the serving cell

DM-RS PDSCH Agreement:
· Baseline UE behavior:

· DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} should be assumed as baseline UE behavior

· FFS when the baseline UE behavior is to be applied
· FFS if an alternative behavior is supported as UE behavior (Alt 2), having the following assumptions

· DMRS for PDSCH may be assumed as quasi co-located within PRG wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}, 

· DMRS for PDSCH may not be assumed as quasi co-located between different PRGs, wrt to any of properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} 

· A common FFT timing may be used by the UE for reception of non quasi co-located DMRS ports 
· Observation: Support to Alt.2 vs. Alt.1 (baseline UE behavior) depends on trade-off between performance gain with frequency selective DPS and impact on channel estimation due to the more restrictive quasi co-location assumptions of Alt.2 vs Alt.1 (baseline UE beharior). More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.
CSI-RS:
CSI-RS working assumption for CoMP resource management set:
Within a CSI-RS resource, CSI-RS ports may be assumed as quasi co-located wrt {delay spread, rx power, frequency shift, Doppler spread, Received timing}.

CSI-RS Agreement for CoMP resource management set and CoMP measurement set:
Between CSI-RS resources:

· CSI-RS ports shall not be assumed as quasi co-located at least wrt {delay spread, rx power, frequency shift, Doppler spread} 
CSI-RS Agreement for CoMP measurement set:
· Between CSI-RS resources: 
CSI-RS ports shall not be assumed as quasi co-located wrt{ Received timing}

· A common FFT timing may be used by the UE for reception of ports belonging to non quasi co-located CSI-RS resources according to Alt.2
Observation:

· More discussion needed regarding additional co-location assumptions for CoMP resource management set wrt receiver timing.
2. UE behavior with respect to Quasi-co-location?
So far, it has not been discussed what we actually assume on the intended UE behavior with respect to the quasi-co-location as such. This will affect not just the UE implementation, but in the same way the need for specific signaling, the needed number of new test cases , as well as how stringent the resulting UE performance requirements will be in the end. 

Let us assume the Rel. 10 case, where some example UE behavior might assume CRS to be quasi-co-located with CSI-RS & DM-RS:

· UE might utilize CRS for t/f-sync and apply the same synchronization also for CSI-RS (CSI estimation) and DM-RS (PDSCH demodulation)

· UE might utilize parameters of the channel estimator based on CRS statistics: delay spread (filter in frequency domain) as well as doppler spread (filter in time domain) for estimating the channel using CSI-RS (CSI estimation) and DM-RS (PDSCH demodulation)
Due to the high CRS density, the channel estimation filters may be optimally tuned to the channel parameters, and the UE performance with respect to CSI-RS based CSI measurement and DM-RS based PDSCH demodulation will be very good. 
The same behavior would be valid as generic Rel. 10 behavior, but should be also kept in case a CoMP capable Rel. 11 UE is only configured with a single CSI-RS resource for CSI feedback (CoMP measurement set size =1). A potential new UE behavior would only be applied for CoMP operation. With this assumption, the Rel. 11 UE would at least have the same (good) performance compared to a Rel. 10 UE in normal (non-CoMP) network operation.
Proposal 1: The definition of being non quasi-co-located for some channel properties should only apply to Rel. 11 UEs which are configured to operate with CoMP (i.e. CoMP TM and CoMP measurement set size >1). The Rel. 10 behavior and assumption of quasi-co-location of CRS, DM-RS and CSI-RS should still apply for normal, non-DL-CoMP operation also for Rel. 11 UEs (i.e. TM9, CoMP TM with measurement set size of 1).

Let’s now assume a different example case for the CoMP Rel. 11 behavior as such in the sequel with respect to the CoMP measurement set only: 
1. UE is not aware of any association and needs to assume CRS, CSI-RS and DM-RS to be non quasi-co-located


Channel estimation options for the UE for DM-RS based demodulation (UE behavior) 

· D1a: Using a generic channel estimation filter (using no prior-statistics)

· D1b: Using DM-RS based statistics (full allocation or PRG wise) for channel estimation filter intialization
· D1c: Use the channel estimation filter based on CRS statistics, as this might still result in better performance than a generic or DM-RS based filter


CSI estimation options for the UE based on CSI-RS

· CSI1a: Using a generic channel estimation filter (using no prior-statistics)

· CSI1b: Using CSI-RS based statistics for channel estimation filter intitialisation

· CSI1c: Using CRS based statistics – as the performance might still be better although quasi-co-location is not given
The unclear point is still, how the UE is (gu)estimating the demodulation performance as part of the CSI estimation process not knowing anything about the DM-RS statistics? This will have a strong impact on the RAN4 test case specification and related performance requirements on CSI feedback. 

This example is especially of importance considering JT CoMP from TPs corresponding to several CSI-RS resources, as the association with a single CSI-RS resource cannot be given when transmitting jointly from TPs having separate CSI-RS resources.
2. UE is not aware of association between CRS and {CSI-RS, DM-RS}, but CSI-RS to DM-RS association is given by DCI signaling


Channel estimation options for the UE for DM-RS based demodulation (UE behavior) 

· D2a Using a generic channel estimation filter (using no prior-statistics)

· D2b Using DM-RS based statistics (full allocation or PRG wise) for channel estimation filter initialization
· D2c Using CSI-RS statistics for channel estimation filter initialization
· D2d Using combined DM-RS and CSI-RS statistics

· D23 Use the channel estimation filter based on CRS statistics, as this might still result in better performance than a generic one or a DM-RS/CSI-RS based one


CSI estimation options for the UE based on CSI-RS

· CSI2a Using a generic channel estimation filter (using no prior-statistics)

· CSI2b Using CSI-RS based statistics for channel estimation filter initialization

· CSI2c Using CRS based statistics – as the performance might still be better although quasi-co-location is not given

The options are basically the same as for case 1 with respect to CSI-RS based CSI estimation – but the testing is easier to be defined, as the quasi-co-location might be assumed in the UE for the reference signals it uses for CSI estimation and demodulation.

3. UE is aware of the association of CSI-RS with CRS (e.g. as part of the CoMP Measurement Set configuration) – applicable only for CoMP Scenarios 1-3:

3a UE will be made aware of the association of DM-RS with CSI-RS as part of the DCI signaling

· 3a1: UE may use CRS statistics of all the involved cells: in CSI estimation as well as the demodulation. The Rel. 10 performance requirements could be applied directly (not considering the effect of IMR here yet), but the UE is required to do accurate time/frequency tracking & regular CRS monitoring of all the involved cells
( good CSI & demod performance, but very much increased statistics tracking for the UE for the CRSs of all the cells involved in the CoMP operation
· 3a2: The UE is required only to keep good track of CRS of the serving cell – but not for the CSI-RS of other cells. Same performance (requirements) for the serving cell as in 3a1 – but more loose performance requirements for the remaining cells/CSI-RS resources. For the remaining CSI-RS resources, the same issues as in 2. above apply
3b DCI signaling is not containing DM-RS to CSI-RS resource association

· Same CSI-RS channel estimation procedure can be used than in case 3a, but the problems of demodulation predictability is the same as in case 1 for the CSI estimation
· Demodulation options the same as in case 1. 

Looking at these examples above, even though we might introduce some quasi-co-location association signaling (CRS to CSI-RS as part of the CoMP measurement set configuration, CSI-RS to DM-RS as part of the DCI signaling) it is not clear how the UE is intended to utilize this information, and if this information as such in the end would really outperform the quasi-co-location assumption of the 3 types of reference signals (after some eNB CSI balancing in case the quasi-co-location assumption is not given for a selected CoMP transmission). Based on these observations, we would like to suggest:

Proposal 2: Clarify the intended UE behavior and corresponding performance gain depending on the available information on quasi-co-location information before specifying extensive related signaling.
Based on the proposal, we therefore concentrate on the remaining open issues that do not touch the quasi-co-location of different types of reference signals. 

3. DM-RS Quasi-co-location
We are having an agreement on the co-location of DM-RS at least within a PRG – with the current “baseline UE behavior” going one step further and assuming all the PDSCH DM-RS for a UE within a subframe to be quasi-co-located. 
As indicated in the previous sections, several different UE behaviors can be assumed on how to utilize the information available at the UE (in case additional signaling is available). 

If we combine the assumption of quasi-co-location within a PRG (Alt. 2) with the assumption of having DCI indication with respect to CSI-RS, we either then would need to indicate the reference CSI-RS resource for each PRG or the signaling of a single CSI-RS resource is not helping, as the UE then again wouldn’t know the quasi-co-location association of the DM-RS of a PRG with the CSI-RS resource. Therefore, it might or might not use this information for additional tracking & channel estimation filter initialization. 
Observation: If DCI signaling of the reference CSI-RS resource is envisioned, a subframe or at least DCI specific quasi-co-location of the reference CSI-RS resource and DM-RS would be needed.
A second aspect in here would be needed with respect to UE demodulation test case specification in RAN4. So far, mostly wideband allocation test cases have been specified – e.g. 10MHz in the current RAN4 advanced receiver work. In case we would go for a PRG based quasi-co-location, we would need to define several different demodulation test cases in this respect and define different performance requirements for that. From this additional test case specification and of course also UE testing point of view as well as the observation above, we would like to propose to confirm the agreement from the last meeting as the only assumed UE behavior. 
Proposal 3: DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} as the intended UE behavior.
We have so far not discussed the behavior of ports 107-110 (i.e. DM-RS for ePDCCH) with respect to quasi-co-location. It is very much clear, that we cannot utilize any signaling of the CSI-RS to DM-RS association for ePDCCH dynamically, which removes this option with respect to operating ePDCCH in combination with CoMP as such. In order to enable good decoding performance for the UE, being able to utilize channel estimator statistics from CRS seems to be essential here. Therefore, we make the following proposals with respect to DM-RS for ePDCCH

Proposal 4: DMRS for ePDCCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}
Proposal5: DMRS for ePDCCH may be assumed as quasi co-located with CRS of the serving cell wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}
4. On CSI-RS Quasi-co-location

Looking at the available decisions, we can illustrate them in the following Table:
	
	Within CSI-RS resource
	Inbetween CSI-RS resources

	CoMP Resource Management Set
	QCL for {delay spread, rx power, frequency shift, Doppler spread, Received timing}
	Not QCL for {delay spread, rx power, frequency shift, Doppler spread}
QCL / Not QCL for Received timing

	CoMP Measurement Set
	QCL / Not QCL for {delay spread, rx power, frequency shift, Doppler spread, Received timing}
	Not QCL for {delay spread, rx power, frequency shift, Doppler spread, Received timing}


In this Table, the green and brown colored parts indicate the agreements and working assumptions from RAN1#69. The yellow areas indicate the pending decisions for inter/intra-CSI-RS-resource quasi-co-location.

Considering the CoMP Resource Management set, that is only used for signal measurements (RSRP) for the purpose of CoMP measurement set management, the studies performed in RAN4 and reported in [2,3,4] clearly indicate that timing differences of up to 3us do not really effect on the RSRP performance as such. As a consequence, for the purpose of CSI-RS RSRP measurement the UE might assume co-location between the CSI-RS resources with respect to timing for simplicity, as this has no effect on the CSI-RS RSRP performance. 
Proposal 6: CSI-RS ports between CSI-RS resources may be assumed as quasi co-located wrt{ Received timing} for the CoMP Resource Management set.
Now looking at the only remaining issue, the quasi-co-location of CSI-RS ports within a CSI-RS resource of the CoMP measurement set, there is clearly a performance trade-off considering different intended CoMP transmission as well as CSI-RS port utilization strategies. If the CSI-RS configuration is envisioned to be applied per TP, then of course quasi-co-location may be assumed by the UE, and all the CSI-RS ports might be used by the UE in order to estimate channel statistics – improving the performance. This type of operation would be useful for DCS, DPS as well as JT inbetween CSI-RS resources. The only case where a CSI-RS resource would need to be shared between TPs would be in case of transparent JT CSI operation. 
Considering the potential performance penalty for DCS, DPS as well as JT between different CSI-RS resources compared to the single sub-optimal performance with respect to fully transparent JT operation, we recommend to assume quasi-co-location for all the channel characteristics for all CSI-RS ports within a single CSI-RS resource. Please note, that anyhow at least the receive timing would need to be assumed the same between CSI-RS resources, as it will be otherwise impossible to define a phase relationship with respect to PMI in the CSI feedback for this type of JT operation. 

Proposal 7: CSI-RS ports within CSI-RS resources may be assumed as quasi co-located wrt { delay spread, rx power, frequency shift, Doppler spread, Received timing} for the CoMP Measurement set.
5. Conclusions

In this contribution we handle the remaining issues with respect to quasi-co-location of antenna ports of different reference signals. Based on the discussions in this contribution, the make the following observations and proposals:

· Proposal 1: The definition of being non quasi-co-located for some channel properties should only apply to Rel. 11 UEs which are configured to operate with CoMP (i.e. CoMP TM and CoMP measurement set size >1). The Rel. 10 behavior and assumption of quasi-co-location of CRS, DM-RS and CSI-RS should still apply for normal, non-DL-CoMP operation also for Rel. 11 UEs (i.e. TM9, CoMP TM with measurement set size of 1).

· Proposal 2: Clarify the intended UE behavior and corresponding performance gain depending on the available information on quasi-co-location information before specifying extensive related signaling.

· Proposal 3: DMRS for PDSCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing} as the intended UE behavior.
· Proposal 4: DMRS for ePDCCH may be assumed as quasi co-located within a subframe wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}
· Proposal5: DMRS for ePDCCH may be assumed as quasi co-located with CRS of the serving cell wrt to {delay spread, rx power, frequency shift, Doppler spread, Received timing}
· Proposal 6: CSI-RS ports between CSI-RS resources may be assumed as quasi co-located wrt{ Received timing} for the CoMP Resource Management set.
· Proposal 7: CSI-RS ports within CSI-RS resources may be assumed as quasi co-located wrt { delay spread, rx power, frequency shift, Doppler spread, Received timing} for the CoMP Measurement set.
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