
3GPP TSG RAN WG1 Meeting #70

R1-123746
Qingdao, China, 13th – 17th August 2012
Source: 
Ericsson, ST-Ericsson

Title:
Discussion Paper on Antenna Ports Quasi Co-location
Agenda Item:
7.7
Document for:
Discussion and decision
1 Introduction

During RAN1#69 in Prague, a certain progress was achieved on the ports co-location topic:

---
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

---

DMRS for PDSCH

Alt 1) 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}, 

Alt 2)

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 according to Alt.2

Agreement:
Alt.1 is the baseline UE behavior.  

FFS if Alt.2 is supported as UE behavior.

FFS when the baseline UE behavior is applied.


Observation: support to Alt.2 vs. Alt.1 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. More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.

---

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}.

Might be revisited after study of different strategies for mapping of CSI-RS ports to TPs for CoMP resource management set.

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} 

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.

Aim to close the remaining issues at RAN1#70.
---
This contribution aims at concluding the open issues for ports quasi co-location. In particular, the following is still to be agreed:

· PDSCH DMRS

· Wideband vs. per-PRG quasi-colocation

· ePDCCH DMRS

· FFS points for CSI-RS

· Co-location between different RS types 

· Reference DL timing and impact on UL timing

· LS to RAN4
· Including the definition of example scenarios for CoMP

2 Quasi co-location within RS Type
2.1 CRS

The existing agreement of quasi-colocation of the CRS ports for a given cell can be confirmed.
2.2 DMRS for PDSCH
According to the Agreement [1], the alternative below is FFS:

· 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} 

FFS when the baseline UE behavior is applied.

Figure 1 shows performance comparison between wideband quasi co-location vs. per PRG quasi co-location, for fixed MCS, low speed and a PDSCH BW of 5 MHz. It is noticed that for channels with short delay spread there is no significant performance loss by assuming per-PRG quasi-colocation, while there is some relatively small degradation in case of ETU channels. It is also noticed that such degradation increases with the relative time offset between DMRS and reference PSS/SSS timing. Furthermore, the degradation is limited to the high SNR region.

Based on these results, it is proposed to support Alt.2 in the agreement (per-PRG quasi-colocation) in Rel-11 UEs, since the possibility of supporting frequency-selective DPS comes at a relatively small link level performance loss which is limited to a narrow SNR range and channels with very long delay spread. If only Alt.2 is supported, a single algorithm needs to be implemented in the UE and additional UE complexity is not implied as compared to Alt.1.

In case the performance hit with per-PRG quasi-colocation should be avoided, it is possible to provide signaling to the UE guiding the channel estimator regarding the suitable co-location assumption. E.g., the network may signal if wideband quasi-colocation is suitable for a given UE (i.e., frequency selective DPS/JT is not employed). 
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Figure 1: comparison of rank-1 PDSCH performance over a BW of 5 MHz, for wideband (continuous lines) and per-PRG (dashed lines) quasi co-location of DMRS and for the following MCS: QPSK-1/3, 16QAM-1/2, 64QAM-3/4. The following DMRS delays are considered (as compared to PSS/SSS timing): -0.6us (blue), 0us (red), 1.2us (green)
Proposal
· Support per-PRG quasi-colocation for PDSCH DMRS
· Possibly, introduce signalling to the UE whether wideband quasi co-location is available

2.3 DMRS for ePDCCH

For ePDCCH, ports quasi co-location assumptions should allow for the flexibility of transmitting different ePDCCH from different TPs, in the same subframe. One way of achieving this is to associate the different ePDCCH transmissions to different DMRS ports (with some scheduling restrictions) and/or different RBs. It should be noted that, similarly as for PDSCH DMRS, also for ePDCCH quasi co-location between ports and quasi co-location between different resources in the same subframe (for a given port) should be analyzed.

Based on the above considerations, ePDCCH DMRS shall not be assumed as quasi co-located wrt any of the long term channel properties {delay spread, rx power, frequency shift, Doppler spread, Received timing} between ports and between PRBs within a subframe.

However, if a DCI message is associated with two or more DMRS ports (e.g., for spatial diversity transmission) and/or two or more PRBs, all ports associated with the DCI message may be assumed to be quasi co-located over all associated PRBs.

Proposal

· In general, DMRS for ePDCCH shall not  be assumed as quasi co-located:

· Between different ports 

· Between different RBs

· If a DCI message is associated with two or more DMRS ports and/or two or more PRBs, all ports associated with the DCI message may be assumed to be quasi co-located over all associated PRBs.
2.4 CSI-RS

CoMP resource management set

Considering the lack of clear use cases for distributed CSI-RS ports for the CRM set, it appears reasonable to confirm the working assumption that CSI-RS ports should be taken as co-located within a CSI-RS resource for the CRM set.
Another aspect to be clarified is the understanding of the acceptable range for the non quasi co-located parameters between CSI-RS resources. RAN1 has already agreed that no long term channel properties are quasi co-located for different CSI-RS resources, some guidance from RAN1 is desirable both as per Agreement [1] and because of the importance of such functionality for enabling reasonable CoMP operations. According to the analysis in RAN4 [2], link simulation results for RSRP estimation in presence of various relative time offsets between CSI-RS and PSS/SSS did not show significant performance degradation within the interval [-3;+3] us. Such a range is acceptable for the CoMP applications as discussed in RAN1.
Proposal

· Confirm the WA on quasi co-location within a CSI-RS resource

· The suggested timing offset range for different CSI-RS resources for the CRM set, relative to PSS/SSS, is [-3;+3] us.

CoMP measurement set

For CSI-RS resources in the CoMP measurement set, i.e., CSI-RS resources configured for measurements for the CSI processes, it is necessary to agree on the quasi co-location assumptions between ports within a CSI-RS resource. Firstly, it should be observed that enabling quasi co-location of such ports does not hamper the possibility for standard transparent joint transmission. Secondly, it is noticed that supporting quasi co-location within each CSI-RS resource allows reuse of the channel estimation algorithm as for the CRM set, with obvious complexity advantage for the UE implementation. Additionally, performance advantage is potentially achieved by quasi co-locating CSI-RS ports, depending on specific implementations of the estimation algorithms.
A dynamic range of up to 9dB should be considered as reference for power imbalance between CSI-RS resources.

Proposal

· CSI-RS ports are quasi co-located within a CSI-RS resource for the CoMP measurement set
· Up to 9dB power imbalance should be considered between CSI-RS resources
3 Quasi co-location between different RS Types

3.1 PDSCH DMRS to other RS types
Figure 2 includes simulation results for EPA and ETU channels, considering various timing offsets between DMRS and the reference timing that determines the FFT receiver window. It is noted that for EPA there is no performance impact, while for ETU a certain degradation is only observed for high SNR (over 20dB) and high MCS (64QAM-2/3), for offsets greater than 1us. Such degradation is considered as acceptable, therefore it is proposed to allow non quasi co-location of DMRS from other RS types. 
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Figure 2: Analysis of performance for DMRS based PDSCH as a function of the relative delay between DMRS and reference PSS/SSS/CRS timing. In the dashed lines, DMRS timing is derived from CRS/PSS/SSS, while in the continuous lines DMRS estimation is not assisted by any quasi co-location assumptions. The three groups of lines are for QPSK-1/3, 16QAM-1/2 and 64QAM-2/3, respectively. 
Proposal

· DMRS for PDSCH shall not be assumed as quasi co-located with other RS types within a subframe
3.2 ePDCCH DMRS to other RS types
Similarly to PDSCH DMRS, it is proposed that ePDCCH DMRS shall not be assumed as quasi co-located with other RS types in a subframe by a UE.
Proposal

· DMRS for ePDCCH shall not be assumed as quasi co-located with other RS types within a subframe
3.3 CSI-RS to other RS types
For CSI-RS, RAN4 [2] indicated that no significant performance degradation is noticed (at least for RSRP measurements) by offsetting CSI-RS reception in the range [-3;+3] us as compared to the reference FFT timing. Such results are based on the assumptions that CSI-RS are not quasi co-located with other RS types. The most suitable range for the non quasi co-located parameters should be determined by RAN4, however based on the available results it seems reasonable for RAN1 to conclude that no signaling of quasi co-location assumptions is needed for assisting CSI-RS based channel estimation at the UE.
Proposal

· CSI-RS shall not be assumed as quasi co-located with other RS types within a subframe

· No dedicated signalling of quasi co-location assumptions needed for CSI-RS
4 UE Timing
Some companies [3] raised potential concerns about the effectiveness of the existing definition of DL timing reference in the UE, especially in the DL CoMP context where different signals may be received with different timing. A critical situation may occur when DMRS based transmission is received before the reference FFT timing, e.g., for certain heterogeneous deployments where a macro UE might be served by a closer pico node for PDSCH and/or ePDCCH. Even though such issue may be avoided in most cases by network implementations, it is interesting to study the UE performance in case DMRS-based channels are anyway received before the reference FFT timing, based on PSS/SSS.
Figure 2 shows the performance for some DMRS timing offsets relative to PSS/SSS, both negative and positive, as well as various SNR levels. Based on the results in Figure 2, it can be shown that a UE implementation should be able to handle anticipated reception of DMRS (as compared to reference FFT timing) with negligible or acceptable performance loss, depending on the channel model and SNR. Therefore, no standard change to the timing definition is needed for heterogeneous networks support with DL CoMP. A reference offset of [-1;+2.5] us is proposed, wrt PSS/SSS timing, for evaluation by RAN4.

Proposal
· Confirm the legacy definition of DL timing
· Consider a DMRS to PSS/SSS timing offset range of [-1;+2.5] us as input reference for RAN4 tests
5 Example scenarios
The following reference scenarios are proposed for test definition by RAN4:

A)
CoMP, dynamic point selection: Multiple CSI-RS configurations are defined, where each configuration is transmitted from a different geographical location (transmission point). CRS are transmitted from a single point. UE provides CQI/RI/PMI feedback for each CSI-RS configuration. eNB transmits PDSCH TM9 and ePDCCH from one of the points using the associated PMI. The UE is not aware of the association of points to CRS, CSI-RS configurations and DMRS.

B)
CoMP, Joint transmission: Multiple CSI-RS configurations are defined, where each configuration is transmitted from a different geographical location (transmission point). CRS are transmitted from a single point. UE provides CQI/RI/PMI feedback for each CSI-RS configuration. eNB transmits PDSCH TM9 or ePDCCH from multiple points by virtualizing DMRS using the associated PMIs. The UE is not aware of the association of points to CRS, CSI-RS configurations and DMRS.

C) CoMP, heterogeneous deployment: Multiple CSI-RS configurations are defined, where one configuration is transmitted from the macro node (equipped with 4 tx ports) and one configuration is transmitted from the pico node. CRS are transmitted from the pico node, CRE of 9dB is configured and the UE is close to the extended cell edge between macro and pico nodes. UE provides CQI/RI/PMI feedback for each CSI-RS configuration. eNB transmits PDSCH TM9 or ePDCCH from the macro by using the associated PMIs. The UE is not aware of the association of points to CRS, CSI-RS configurations and DMRS. The rx power for CRS is on average 15dB smaller than that from DMRS, in case of rank-1 transmission for PDSCH and ePDCCH. The CSI-RS configurations are received with a relative power imbalance of 9dB.
D)
CoMP, heterogeneous deployment: Multiple CSI-RS configurations are defined, where one configuration is transmitted from the macro node and one configuration is transmitted from the pico node. CRS are transmitted from the macro node, CRE of 0dB is configured and the UE is close to the cell edge between macro and pico nodes. UE provides CQI/RI/PMI feedback for each CSI-RS configuration. eNB transmits PDSCH TM9 or ePDCCH from the pico by using the associated PMIs. The UE is not aware of the association of points to CRS, CSI-RS configurations and DMRS. 
· DMRS from pico are received 1us before CRS from macro
· The CSI-RS configuration transmitted from the pico is received 1us before CRS from macro
6 Conclusions

The following is proposed:

Proposal

· Support per-PRG quasi-colocation for PDSCH DMRS
· Possibly, introduce signalling to the UE whether wideband quasi co-location is available

· In general, DMRS for ePDCCH shall not  be assumed as quasi co-located:

· Between different ports 

· Between different RBs

· If  a DCI message is associated with two or more DMRS ports and/or two or more PRBs, all ports associated with the DCI message may be assumed to be quasi co-located over all associated PRBs.

· Confirm the WA on quasi co-location within a CSI-RS resource

· The suggested timing offset range for different CSI-RS resources for the CRM set, relative to PSS/SSS, is [-3;+3] us.

· CSI-RS ports are quasi co-located within a CSI-RS resource for the CoMP measurement set

· Up to 9dB power imbalance should be considered between CSI-RS resources
· DMRS for PDSCH shall not be assumed as quasi co-located with other RS types within a subframe
· DMRS for ePDCCH shall not be assumed as quasi co-located with other RS types within a subframe
· CSI-RS shall not be assumed as quasi co-located with other RS types within a subframe

· No dedicated signalling of quasi co-location assumptions needed for CSI-RS
· Confirm the legacy definition of DL timing
· Consider a DMRS to PSS/SSS timing offset range of [-1;+2.5] us as input reference for RAN4 tests

In addition, some example scenarios as input to RAN4 have been proposed.
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