3GPP TSG RAN meeting #54











RP-111550
Berlin, Germany, 6th - 9th December 2011
Status Report to TSG

Agenda item:


12.4.4
	Work Item Name
	

	Study Item Name
	Study on further Downlink MIMO enhancements for LTE-Advanced

	Acronym
	FS_LTE_eDL_MIMO_enh

	Unique ID
	510037


Source:
	Leading WG
	TSG RAN WG1

	Rapporteur
	Name
	Federico BOCCARDI

	
	Company
	Alcatel-Lucent

	
	Email
	federico.boccardi@alcatel-lucent.com


1
Work plan related evaluation
1.1
History

	TSG meeting #
	TSG Tdoc number of status report
	TSG Tdoc number of work/study item description sheet as approved by TSG (if any)
	overall level of completion as decided by TSG
	completion date
as decided by TSG

	51
	WI/SI started
	RP-110457
	0%
	December 2011

	52
	RP-110607
	
	5%
	December 2011

	53
	RP-111061
	RP-111366
	20%
	December 2011

	54
	RP-111550
	
	
	December 2011


NOTE:
The table covers all TSG meetings from the start of the WI/SI.

1.2
Status at this TSG meeting
NOTE:
This status reflects the conclusion of the leading WG (e.g. achieved by email). In case there was no consensus a corresponding range has to be provided and reason for missing consensus has to be mentioned.

1.2.1
Estimated of the level of completion of the work/study item

overall (mandatory to be provided):




100%

per WG (optional information):

additional comments:



1.2.2
Estimated completion date of the work/study item
The work/study item is planned to be 100% complete in:
December 2011

which is:
RAN #54
additional comments:




2.
Technical status related evaluation
2.1
Detailed progress report since last TSG meeting (for all involved WGs)
At RAN1#66bis in Zhuhai, China, approximately 1 day was spent on the DL MIMO Enhancement Study Item. 63 contributions were treated, covering CSI feedback for single-point / MU-MIMO operation, issues from real-life DL MIMO deployments (time misalignment / antenna calibration and rank reporting) and DL control signalling enhancements. 

At RAN1#67 in San Francisco, USA, approximately 1.5 days were spent on the DL MIMO Enhancement Study Item. 66 contributions were treated, covering evaluation results for CSI feedback, CSI feedback enhancements related to a single CSI-RS/CRS resource, time misalignment / antenna calibration, and the enhanced physical downlink control channel.
With regard to rank reporting, it was observed that the rank estimation algorithm of some UEs apparently has problems handling a large power difference between two CRS antenna ports, while other UEs were found to have no problems in such scenarios. It was noted that UE implementations should not assume geographical co-location for different antenna ports of a given cell, or in general dependence among antenna ports. It was concluded that any problems with this issue should be handled by the development of appropriate performance requirements, and a corresponding LS was sent to RAN4 [1].  

With regard to time misalignment /antenna calibration, the following observations were made:
· Time misalignment and calibration error handling is implementation dependent

· Time misalignment and calibration error has less system performance impact for SU-MIMO than for MU-MIMO

· Time misalignment and calibration error does not have significant system performance impact at least for co-located antennas, especially for SU-MIMO

· Sub-band PMI/CQI feedback is more beneficial in the presence of TAE than without TAE

· Any further evaluations on feedback enhancement should take TAE into account.

With regard to CSI feedback, evaluation results were provided by 14 companies, among them being results for Scenarios A, C and B (with Scenarios A and C being treated with higher priority). These results are captured in [2] and summarised in TR36.871 [3].  The main CSI feedback enhancements considered were:

· Enhanced PMI feedback codebook for 4-tx, including cross-polarised antennas, possibly two-stage W1.W2 structure adopted for the 8-tx codebook in Rel-10, and/or finer codeword granularity in the codebook, and/or capturing the amplitude offset between polarisations. 

· Finer frequency-domain sub-band granularity for CSI feedback, for example in conjunction with a new CSI feedback mode including sub-band CQI and sub-band PMI.

· CQI or CQI related feedback specifically for MU-MIMO.
· Rank-restriction or PMI selection.
· PMI that causes least interference to the reporting UE.
A large variation was observed in the presented gains due to differences in assumptions, e.g. 

· Variety of schemes from idealistic explicit feedback to realistic implicit feedback

· CSI feedback overhead (e.g. modes, subband sizes)

· Modelling of CSI-RS and DMRS based estimation 

· CSI quantization

· Scheduling schemes

· Maximal transmission rank

· Type of receivers

· Some results were based on single enhancement scheme and other results were based on multiple enhanced schemes in combination.

With regard to downlink control signalling, based on considerations from the new carrier type in CA enhancement, CoMP, and DL MIMO, a working assumption was made to introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

It was also concluded that desirable characteristics of the enhanced physical downlink control channel include the ability to be scheduled frequency-selectively, and the ability to mitigate inter-cell interference.
The following agreements were made:
· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

A working assumption was also made that there are no cases where CRS is used for demodulation of the enhanced control channel.
Multiplexing between the enhanced physical downlink control channel and PDSCH was discussed, but no agreement reached as yet. 
An adhoc session was held during RAN1#67 to complete the TR 36.871 [3]. The following conclusions were drawn from the study:
· Real-life issues with UE rank reporting in non-collocated antenna deployments should be handled by the development of appropriate performance requirements.

· According to the summary of all simulation results, CSI feedback enhancements for 4 transmit antennas may offer some performance benefits for antenna configurations such as cross-polarized antennas, both closely- and widely-spaced.  Potential CSI feedback enhancements proposed by at least one company are as follows:
· 4-tx PMI feedback codebook enhancements;
· a new CSI feedback mode including sub-band CQI and sub-band PMI;
· finer spatial-domain and frequency-domain granularity;
· signalling to support codebook enhancement;
· additional CQI/PMI feedbacks to support MU-MIMO;
· combinations of the above.
· With regard to the need for enhancements for downlink control signalling, the most-supported motivations for introducing an enhanced physical downlink control channel in Release 11 are capacity, frequency-domain ICIC, beamforming gain and spatial reuse of control channels. MIMO enhancement provides further motivation for introducing a new physical downlink control channel, which is also relevant for carrier aggregation enhancement and CoMP.

· In view of these observations, it is recommended at least to specify appropriate performance requirements to ensure the accuracy of UE rank reporting in non-collocated antenna deployments and to continue with specifying a new downlink physical control channel. An agreement on whether to specify CSI feedback enhancements has not been reached.

TR36.871 v1.1.0 is submitted to RAN#54 for one-step approval to v11.0.0.
2.2
List of completed elements (compare with open issues of last TSG)
· Identification of potential issues from real-life network deployments of MIMO. 
· Evaluation of issues from real-life network deployments of MIMO. 

· Identification of relevant scenarios and antenna configurations

· Identification of the need for DL MIMO enhancements, and evaluation of such enhancements:

· Evaluation of UE CSI feedback enhancements 
· Evaluation of enhancements for downlink control signalling

2.3
List of open issues
NOTE:
Usually this list is empty when the work/study item is 100% complete otherwise please justify why an open issue is not essential for the work/study item.
None. 
3.
References

NOTE:
This can be e.g. a list of all related Tdocs in the affected WGs since last TSG, references to LSs, produced TRs/TSs, the work/study item description or status reports of previous TSGs.

[1]
R1-113610  LS on Antenna Port Mapping onto Geographically Separated Antennas    RAN1
[2]
R1-114474  DL MIMO enhancement evaluation results   Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[3]
R1-114473  Update of TR36.871: v1.1.0  Alcatel-Lucent, Alcatel-Lucent Shanghai Bell 
1 / 4

