3GPP TSG-RAN WG1 Meeting #69
R1-122351
Prague, Czeck Republic, 21st – 25th May 2012
Agenda item:

7.5.1.2
Source:
Renesas Mobile Europe Ltd
Title:
On CQI definition for CoMP
Document for:
Discussion and decision
1 Introduction

The CQI definition for CoMP Release 11 is in close relationship with the interference measurement resource (IMR) definition. More precisely, it is related to the types of IMRs which need to be configured in order to construct the CQI. IMR defines the interference i.e. transmission hypothesis for the CQI, and therefore affects the performance of different CoMP schemes. The IMR options are further discussed in accompanying contribution [3], [2]. 
We also note that a previous agreement from RAN1#67 states that: 
· CSI feedback for CoMP uses at least per-CSI-RS-resource feedback.

However, this agreement does not indicate which type of CQI is understood to be reported per CSI-RS resource, that is for example what interference assumption should be captured for the other transmission points as several options are possible. Another open issue is the number of CQIs reported per CSI-RS-resources as for example in [2], several CQIs per CSI-RS-resources is proposed.
In this contribution we treat the following open issues:
· IMR impact on CQI definition

· Hypothesis under which per-cell CQI is derived and number of per-cell CQIs

2 CQI definition
2.1 CQI definition and IMR configuration

Several options are currently under discussion for IMR configuration: whether one should utilize zero-power (ZP) or non-zero power (NZP) resources and the number of configurations which are needed in order to construct the CQI(s). Different resource configurations for two CSI-RS configurations are presented in Figure 1. Depending on ZP and NZP assumption we have the following options: If the NZP are used and residual method is applied, the number of configurations equals to the number of CSI-RS configurations used in the CoMP measurement set. For example CFG-1 and CFG-2 in Figure 1 for the case of two transmission points. If the ZP resources are configured for interference estimation, several options are possible: one option is to utilize only one interference configuration (CFG-5)  to measure interference of outer CoMP measurement set and either to emulate the exact CoMP CQI hyphothesis (or fallback option) at the UE side or to allowe the network to make corresponding CQI approximations. The alternative option is to (semi-statically) signal multiple CQI hyphothesis, for example CFG-3, CFG-4, and CFG-5, which can support DPS w/wo muting hyphothesis and feed back multiple CQIs per point. The IMR options are further discussed in accompanying contribution [2]. 
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Figure 1. ZP and NZP CSI-RS configurations for multiple CQI hypotheses.

2.2 Interference assumption for CQI calculations
The option of having per point CQIs has been advertised to provide flexibility in the implementation as CQIs corresponding to different CoMP schemes may be derived from the per point CQIs. In [1] several options for CQI computation have been presented. Table 1 presents options for CQI computation. Depending on interference assumptions in the CQI calculations we have different abilities to support fallback transmission and different CoMP transmission schemes.
Table 1 CQI Definitions for Rel-11 CoMP.

	TP
	Serving TP
	Cooperating TPs
	Observation

	
	CQI1
	CQI2
	

	Individual per-TP CQI
	Alt. 1
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CFG-1/CFG-3
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CFG-2/CFG-4
	* Fallback: accurate 
* DPS without muting accurate 
* DPS with muting difficult to obtain

* JT sum of CQIs is not very accurate JT CQI
* IMR: 2 interference measurements

	
	Alt. 2
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CFG-1/CFG-5
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CFG-2/CFG-5
	* Fallback: inaccurate 

* DPS with muting accurate
* DPS without muting difficult to obtain 

* JT sum of CQIs is an OK approximation

* IMR: single interference measurement



	
	Alt. 3
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CFG-1/CFG-3
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CFG-2/CFG-3
	* Fallback: accurate 

* approximated CQI for DPS without muting for the other point

* DPS with muting CQIs difficult to obtain
* JT sum of CQIs is not very accurate JT CQI 

* IMR: single interference measurement


	
	Alt. 4
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CFG-1/CFG-3
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CFG-2/CFG-5
	* Fallback: accurate 

* DPS without muting for serving point and DPS with muting for the other point 
* JT: OK CQI approximation
* IMR: two interference measurements

	Individual per-TP CQI with interference weighting
	Alt. 5
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CFG-1/CFG-3
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CFG-2/CFG-3
	* Fallback: accurate 

* DPS w/wo muting: good approximation as one can tune the interference contribution of the points. 

* JT CQI accuracy depends on [image: image13.png]


, 
* Interference weighting and emulation at UE.
* IMR: single interference measurement


Following the alternatives in Table 1, one critical component is to assure the accuracy of the fallback CQI. As shown for example in [5], lack of correct fallback CQI leads to performance degradations. From this perspective, Alt. 2 is the most unfortunate. One option to improve this CQI alternative is to have an additional fallback CQI but this approach would increase the feedback overhead. 
The problems of the eNB derived CQI are due to two facts. First, the per point CQIs should reflect the “best gain” from that transmission point and when used as an interference term, it does not give good estimate of the interference. Another thing is that the CQI is not only a quatized SINR but an MSC class, which means that for the derivations, the CQIs need to be mapped back and forth with an AVI table or equivalent. This creates additional errors.
Alt. 4 provides accurate fallback and partially accurate CQI for DPS with muting when the other point than the fallbak is muted as the interference is captured outside the CoMP measurement set.Comparing Alt. 2 and Alt. 4 we note the tradeoff between accurate DPS with muting CQI for all points and accurate fallback CQI. From this perspective we want to stress the key importance of having accurate fallback CQI, while on the other hand one needs to configure multiple CQI reporting to cover DPS w/wo muting operation.
In Alt. 5 UE measures outer CoMP measurement set interference from a single IMR configuration. Then UE emulates the interference using a parameter [image: image15.png]


 that is network controlled while Alt.1, Alt 2 and Alt 4 can be obtained. Thus network may control UE CQI assumptions in a flexible way with only single IMR configuration. Note that as [image: image17.png]


 may have values between 0 and 1, also the level of interference may be controlled by the network. A similar method was mentioned in [6] with the difference that with [image: image19.png]


, UE obeys network control in the CQI emulations.  Also, RAN4 testing is facilitated by well-defined CQI computation rules, which would ensure unambiguous implementation and lead to more meaningful performance requirements.
The complexity increase from the interference reconstruction at the UE side is neglible as both multi point channel estimation and precoder selection are anyway performed.

Observation: 

· From performance point of view, accurate fallback CQI is important

· Interference weighting at UE side
·  provides flexible network-controlled CQI computation
· utilizes a single IMR configuration

· Especially for 3 transmission points, allowing flexibility in the CQI design seems beneficial as different CoMP schemes are supported best with different CQI assumptions.

· RAN4 testing is facilitated by well-defined CQI computation rules, which would ensure unambiguous implementation and lead to more meaningful performance requirements
Proposal: 

· Standardizing a flexible CQI definition that allows network controlled CQI options with single IMR configuration 
3 System Performance
Non-coherent JT CoMP is simulated in system level to see the effect of the different CoMP CQI types. Table 1 shows SU-MIMO JT system level results in scenario 3 configuration 4b. Average spectral efficiencies are nearly similar to SU-MIMO baseline in all CQI assumptions. Overall the best coverage gain of +13.6%  is achieved with JT CoMP and aggregated CQI while Alt. 2 CQI shows the worst performance due the approximated fallback CQI.
Table 2 System level performance comparison for non-coherent JT with different CQI types, 
2x2 SU-MIMO Scenario 3/4 configuration 4b without eICIC.
	
	Average TX-point spectral efficiency
[bps/Hz] 
	5% cell edge spectral efficiency
[bps/Hz/UE]
	Average cell spectral efficiency gain
[%] 
	5% cell edge spectral efficiency gain [%]

	SU-MIMO
	2.387
	0.0627
	-
	-

	JT-CoMP aggregated CQI
	2.386
	0.0712
	-0.0%
	+13.6%

	JT-CoMP Alt. 1 CQIs
	2.378
	0.0651
	-0.4%
	+3.8%

	JT-CoMP Alt. 2 CQIs
	2.364
	0.0606
	-1.0%
	-3.3%

	JT-CoMP Alt. 2 CQIs + correct fallback CQI
	2.368
	0.0676
	-0.8%
	+7.8%

	JT-CoMP Alt. 3 CQIs
	2.377
	0.0640
	-0.4%
	+2.1%

	JT-CoMP Alt. 4 CQIs
	2.371
	0.0682
	-0.7%
	+8.8%


Aggregated CQI shows the best SU JT performance as expected but problem with aggregated CQI is that it is targeting only to SU JT operation and does not support other CoMP schemes easily. With Alt. 1, CQIs derived JT CQI is too pessimistic because of the interference assumption. The performance degradation due to lack of correct fallback is visible when comparing Alt. 2 and Alt. 2 with additional fallback CQI. Interesting is that Alt. 4 performs better than Alt. 2 with an additional CQI. Difference comes from that the sum of two muted CQIs sometimes overestimates the JT performance . Thus, the sum of CQIs with and without muting assumption, which is a bit more pessimistic estimate, performs better. Note that this evaluation is made for JT, and DPS may favour different CQI options. Alt. 5 CQIs  achieves the same performance as Alt. 1, Alt 2 or Alt. 4 depending on configurations of [image: image21.png]


and [image: image23.png]


. And it is stressed again that with Alt. 5, the different CQIs may be configured by network without changing the IMR configurations.  
4 Conclusions

In this contribution we have discussed several feedback options for CoMP. Our observations and proposals can be summarized as follows.

Observation: 

· From performance point of view, accurate fallback CQI is important

· Interference weighting at UE side
·  provides flexible network-controlled CQI computation
· utilizes a single IMR configuration

· Especially for 3 transmission points, allowing flexibility in the CQI desing seems beneficial as different CoMP schemes are supported best with different CQI assumptions.

· RAN4 testing is facilitated by well-defined CQI computation rules, which would ensure unambiguous implementation and lead to more meaningful performance requirements
Proposal: 

· Standardizing a flexible CQI definition that allows network controlled CQI options with single IMR configuration 
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Traffic model
	Full buffer

	Deployment scenarios
	CoMP Scenario 3/4 according to 36.819. Coordinated TX-points 3 macros + 12 picos

	Carrier frequency
	2.00 GHz

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Number of UEs
	30UE / macro geographical area. UE dropping according 36.814. Hotspot dropping probability 2/3

	Transmission scheme
	SU-MIMO with Joint Transmission

	UE receiver
	Option 1

	Channel estimation for feedback
	Realistic CSI-RS based

	Channel estimation for demodulation
	Realistic through AVI tables

	UE Feedback
	Rank indicator, max rank 2. CoMP rank = stronger point rank.
Mode 3-1: Subband (6 PRB) CQI, Wideband PMI

6 ms delay and 10ms interval for CQI and PMI

	CoMP reporting threshold
	TX-points having RSRP inside 6dB window
Max. CoMP measurement set size 2 TX-points

	Reference symbol overhead
	DM-RS: 12 RE/PRB for 1-2 orthogonal DM-RS ports

CSI-RS: 2 RE/PRB per 10 ms
CRS: 2 CRS Rel´8 legacy overhead

	Control channel
	Only overhead modelled: 3 OFDM symbols

	Scheduler algorithm
	Proportional fair

	Interference modelling
	Realistic interference from simulated TX-points

	OLLA
	Enabled, BLER target 10%

	HARQ
	Max 4 retransmission, chase combining
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