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1. Introduction

In 3GPP RAN1#70bis meeting, great progress have been made in the topic of quasi-co-location assumption for PDSCH and EPDCCH DMRS antenna port but some details still need for further discussion.  It was agreed that, for TM1-9 QCL assumption is based on behaviour A.  For TM10, contributions [3][4] proposed that the UE may assume quasi co-location between all the CSI-RS ports of the CSI-RS resource and CRS ports of which the cell id is the same as the virtual cell id of the CSI-RS resource but no consensus was reached.  There was discussion on whether QCL assumption between CSI-RS ports and CRS port would provide sufficient benefit to DMRS-based demodulation performance over the assumption of DMRS-CSIRS QCL.   The agreement coming from the discussion of the way forward [6] is:

· For TM1-9, 

· Behaviour A

· Inform RAN2 that RAN1 is also discussing whether additional RRC signalling might be needed in TM10 to control the quasi-co-location behaviour; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

Focus RAN1 study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset. 

In this contribution, we further investigate the benefit of CRS-CSIRS QCL to DMRS-based demodulation performance. Besides, we also discuss the QCL behaviour applied to PDSCH scheduled by DCI format 1A.
2. QCL assumption between CSI-RS and CRS 
In [4], evaluation was done to compare the time/frequency tracking performance using CSI-RS versus CRS.  In this section, we mainly focus on performance evaluation with frequency offset.  Based on the definition of CSI-RS pattern and periodicity, the range of frequency offset supported by CSI-RS based estimation is much limited when CSI-RS antenna port number ≥ 2.  In this practical deployment scenario, only up to ±100 Hz frequency offset can be supported for CSI-RS based estimation.   When the number of CSI-RS port is 1, there is no such limitation.  For CRS based estimation, the supported range of frequency offset is much larger than CSI-RS even if the CRS is transmitted every 5ms in NCT case.  It is still have multiple of OFDM symbols containing CRS within a subframe.  
Link level evaluation is done to compare DMRS based demodulation performance between the cases with and without CSIRS-CRS QCL assumption with different frequency offsets. In our simulation, when the estimated offset result exceed the maximum supported range, the maximum supported offset is used. The simulation parameters and performance results are shown in appendix.  Two different cases are evaluated:

Case1：1Tx, frequency offset estimation is based on the RS within one sub-frame 

Case2：2Tx,  if the current subframe is X,  the RS in subframes X and X-5 are used for estimation.
According to the simulation results, CRS based estimation can have noticeable benefit comparing with CSI-RS even when the same set of subframes for CRS and CSI-RS are used for estimation.  It is due to the fact that more OFDM symbols containing CRS in one subframe comparing with CSI-RS.
According to the conclusion in RAN1#70, two QCL assumptions were defined for Rel-11 UE. 

· Behaviour A (same as Rel-10): CRS, CSI-RS and PDSCH DMRS are quasi co-located wrt {frequency shift, Doppler spread, Received timing, delay spread}
· Behaviour B: 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}
In RAN1#70bis, it has been agreed that for TM1-9 QCL assumption is based on behaviour A.  For TM10, we need to further decide the details of which behaviour(s) is supported and how to switch between different behaviours.  In our views, if behaviour B supports the QCL assumption between CSI-RS and CRS as well, behaviour A can be included in behaviour B.  RRC signalling to enable QCL assumption between CSI-RS and CRS effectively means including behaviour A in one of the behaviour B configurations. 
For scenario 1/2/3, quasi-co-location between CRS and CSI-RS can be assumed.   UE can make quasi co-location assumption between CRS and CSI-RS and thus between DMRS and CRS, and then improves PDSCH demodulation performance because of more accurate channel estimation and correction for synchronization errors.  But for CoMP scenario 4, the quasi-co-location between CRS and CSI-RS may be not valid, some mechanism need to be provided to ensure the UE can fallback to use the configured CSI-RS as reference.

To adapt to different scenarios, signalling of enabling/disabling of the quasi-co-location assumption between CRS and CSI-RS should be introduced.   When this is enabled, it is up to UE’s implementation to take the advantage of this quasi-co-location assumption.  Explicit configuration of such quasi-co-location between CRS and CSI-RS causes more overhead and seems more like mandating UEs to use this quasi-co-location.   Implicit way of matching the virtual cell ID parameter 
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of the CSI-RS with the cell ID corresponding to CRS is sufficient and more preferable.   Such implicit way can also be used for matching the CSI-RS with CRS from neighbouring cells.   

Proposal1:  CRS port and CSI-RS port may be assumed as quasi-co-located at least wrt {frequency shift, Doppler spread}

· Enabling/disabling signalling is configured by the network.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
3. Quasi co-location behaviour for PDSCH scheduled by DCI format 1A in TM10 
Although in RAN1#70 it was concluded that there is no change to PDSCH DMRS scrambling seed if it is scheduled by DCI format 1A in MBSFN sub-frames for TM10 (equals to PCI), it doesn’t mean that transmission point has to be from serving cell.  In our view, DPS still can be supported in this case and QCL assumption between DMRS ports and CSI-RS ports of one CSI-RS resource which belong to CoMP measurement set is still feasible.  The configuration for reference CSI-RS resource index can be done using RRC signalling or using L/DVRB field in DCI format 1A[5].

Similar to DCI format 2D, when UE is scheduled by DCI format 1A on MBSFN sub-frame forTM10, QCL can also be assumed between CSI-RS ports and CRS ports with implicit configuration (CRS of which the cell id is same as the virtual cell id of the CSI-RS resource).  RRC signalling be configured to enable/disable the QCL assumption between CSI-RS and CRS for DCI format 2D can be shared for DCI format 1A. 

Proposal 2:  For TM10 DCI format 1A, when UE is scheduled in MBSFN sub-frame, QCL between DMRS port and CSI-RS ports may be assumed.

· RRC signalling configured to enable/disable the QCL assumption between CSI-RS and CRS is used for both TM10 DCI format 1A scheduled in MBSFN sub-frame and TM10 DCI format 2D.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
4. Conclusions
In this contribution, we further analyzed the remaining issue for PDSCH QCL assumption between CSI-RS and CRS.  Based on our analysis, we propose that: 
For DCI format 2D:
Proposal1:  CRS port and CSI-RS port may be assumed as quasi-co-located at least wrt {frequency shift, Doppler spread}

· Enabling/disabling signalling is configured by the network.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
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 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
For DCI format 1A:
Proposal 2:  For TM10 DCI format 1A, when UE is scheduled in MBSFN sub-frame, QCL between DMRS port and CSI-RS ports may be assumed.

· RRC signalling configured to enable/disable the QCL assumption between CSI-RS and CRS is used for both TM10 DCI format 1A scheduled in MBSFN sub-frame and TM10 DCI format 2D.
· When this is enabled, implicit way of matching the virtual cell ID parameter 
[image: image5.wmf]ID

n

 of CSI-RS with the cell ID corresponding to CRS can be used by the UE to identify quasi-co-location between CSI-RS and CRS.
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Appendix
Table A Simulation assumptions

	Simulation parameters
	value

	Antenna configuration
	1) 1Tx/1Rx

2)  2Tx/1Rx

	Channel model
	EVA 

	UE speed
	3km/h ,30km/h

	MCS
	QPSK(1/2), 16QAM(1/2)

	Measurement period
	5ms

	DMRS channel estimation
	Exponential PDP with the delay spread with maximum delay equal to the cyclic prefix length.
2D MMSE

	frequency offset setting and estimation method
	1）CRS based：

a) frequency offset is larger than 100Hz, estimation is based on CRS which located in same sub-frame

b) Frequency offset [-100 ,100], Sub-frame X and X-5 are used for estimation, where X is the sub-frame containing CSI-RS.

2) CSI-RS based

a) Frequency offset is larger than 100Hz and number of CSI-RS port is 1. estimation is based on CSI-RS which located in same sub-frame, only suitable for 1 CSI-RS port configuration

b) Frequency offset [-100, 100], 2 CSI-RS port configured: Sub-frames X and X-5 are used for estimation, where X is the sub-frame containing CSI-RS. 


Simulation results:

UE speed = 3km/h
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UE speed = 30km/h
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