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1. Introduction

Several discussions took place both in RAN 1 and RAN 4 [1-20] about the observation interval over the CSI-IM. RAN 4 has decided to finalize this issue in RAN 4 68 in order to complete CoMP work item in a timely manner. 

In particular we think that RAN 4 has to discuss and take a decision on the following points:
· Is it beneficial to clarify the definition of CQI? Is restricting the observation interval for the estimation of the interference over CSI-IM is beneficial?

· In which conditions it is beneficial?
· Is there the need to change the RAN 1 specification?

This document addresses these above aspects.
2. Discussion

2.1
Is it beneficial to clarify the definition of CQI?

In Rel-11, the concept of IMR based measurement has been introduced in order to obtain more accurate CSI reports due to a better reflection of the true interference level in the reported CQI. Moreover, depending on the capability of the UE, multiple process-CQI reporting based on several interference hypothesis is supported. The UE has capability to support only single CSI process (single interference hypothesis, according to feature group 7-0) or several interference hypothesis (as for feature group 7-1). 
When TM10 is configured, the IMR is defined as the resource used to measure the interference rather than an undefined resource, which in practical implementations means the use of CRS. Using CRS to measure the interference may lead, depending on the scenario, to highly erroneous estimated interference level with respect to the interference observed on PDSCH, thus providing suboptimal performance. 
The support of a well-defined interference measurement as well as multiple interference hypotheses are corner stones in the Rel-11 CoMP feedback design. However, the current situation allows for CQI computation based on an unrestricted observation interval; hence although the resource used for interference measurements is determined, this still leaves the UE behavior completely unspecified; i.e. some UEs may use aggressive filtering leading to very stable interference estimates while other UEs may choose to try to better track more rapidly the interference variations. This situation leads to highly inconsistent UE behavior in the network which in turns makes it impossible to achieve maximal performance in terms of cell/user throughput due to lack in network optimization for all the UEs in the network, while achieving good throughput conditions under a specific test case.

The inconsistency across different UE implementations is evident from the results in Figure 1 which shows  the percentage of time the median CQI is reported in conditions such as TM3, ETU70 channel model, SNR=0dB and MIMO low correlation matrix (figure reproduced with permission from Signals Research Group, Signals Ahead Vol 9, Number 2, February 2013). 
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Figure 1. Comparison of CQI reporting statistic (probability of reporting median CQI) between different commercially available UEs. Sourced material used with permission from Signals Research Group, Signals Ahead Vol 9, Number 2, February 2013. Results obtained with Spirent testing equipment.

As it can be seen there is a large difference in CQI reporting behaviour. This is highly inefficient from the network point of view as the network has to cope with highly different UE behaviour.
In document [19] we have shown that different averaging UE behaviour lead to network performance loss. The figures and the assumptions are reported in the Annex for easiness. The performance results are obtained with feedback delay 6 ms and 5 ms periodicity and it is assumed that mismatch between reported CQI and actual channel conditions due to delay is handled by the OLLA. The OLLA parameterization is fixed and configured to 10% target BLER. 
Depending on the distribution of the UE behaviour in the network, the performance loss can be more or less affected, i.e. if the network does not know the UE behaviour this may lead in the worst case to large degradation of the performance in high load scenarios.

From a UE point of view, it is clearly beneficial to have a certain behaviour to follow rather than having no restriction in the observation period for CQI computation. Unless a “smart” averaging behaviour is implemented which detects and adapts to the interference conditions, different averaging strategies can lead to very different performance depending on the test conditions. Moreover, this unspecified observation interval may open the door to customized algorithms which do not necessarily perform well in realistic conditions.  

Hence, it seems that for both the network and the UE it is beneficial to have clear behaviour in terms of CQI computation.

Proposal 1: A well-defined interference averaging behavior is necessary for UEs. It can be discussed further whether to apply this only to Rel-11 UEs. 


2.2

In which conditions it is beneficial?

Previous analysis from several companies showed different results with different conclusions.

The results highly depend on the network parameterization, but some contributions showed that some amount of averaging can help in certain conditions (high load and cell edge performance, while in mid-low load and mean throughput) [9], other contributions showed that no averaging provides better performance in most of the situation, see results in the annex. It seems clear that in such scenarios there is still a tradeoff between providing a timely CQI which allows the eNB scheduler to track the time varying channel and interference conditions experienced by a particular UE versus providing a more accurate CQI. In order to take into account different conclusions from different simulation results, the following way forward is proposed for non COMP scenarios.
Proposal 2: For non CoMP case(TM1-TM9)
· Acknowledge that a well defined interference averaging observation interval is beneficial as it allows for additional network optimization and can provide benefits 
· The observation interval can be defined up to TBDms to provide a limitation in terms of averaging in time domain.
This point however can be decoupled from CoMP work item. 
Many results cited above were based on legacy TMs with non CoMP scenarios, where un-coordinated interference is present, i.e. neighbour cells whose interference varies according to loading, channel conditions etc etc. The situation is different in CoMP scenarios. Of course CQI reporting is based on CSI-RS scheduling which has a certain granularity as well as feedback is reported with certain granularity. However, these are deterministic parameters controlled and known by the network. While in non CoMP scenarios the network does not have explicit control/knowledge on the load in the neighbour cells and hence some amount of interference averaging can be justified, in CoMP scenarios the network has knowledge of the other TPs transmission characteristics and loading conditions. The difference between CoMP and non CoMP scenarios is that under CoMP scenario the network may want to operate under tight cooperation within the transmission points. Tight cooperation requires instantaneous knowledge of the channel conditions. Under CoMP conditions it is clear that the network has more information about the interference conditions seen in the network as it controls artificially the largest portion. This was acknowledged by several companies. In order to secure the operation of TM10 in COMP deployments using dynamic point blanking/dynamic point selection (DPB/DPS) it seems important that the UE does not perform IMR averaging. It was mentioned that assuming inconsistent/time-varying interference power on different IMR instances could also break periodic CQI report where the CQI computation is conditioned on recent RI reporting.  This may lead to inconsistency between CQI and RI if CQI is not averaged. However this inconsistency does exist already nowadays because channel conditions may vary over time and the CQI reporting may not be consistent with previously reported RI. For the channel part it was already acknowledged that the UE can not perform large averaging across subframes (as can be inferred by the CQI definition
).

It seems inconsistent to consider different averaging periods in time domain for channel part and interference part. Hence CSI-IM and CSI RS should be averaged over a comparable time in order to provide a consistent CQI feedback.
Additionally, it was argued that for periodic reporting due to a restriction in terms of feedback overhead, the CQI corresponding to a certain sub-band may be reported with low granularity and hence “instantaneous” CQIs may not represent a sufficient statistic due to the small amount of samples.  It is understood that the network configures periodic reporting mainly to monitor the characteristic of the channel, while aperiodic reporting is configured when actual transmission needs to take place. Hence one possibility would be to restrict the IMR averaging to a single subframe when it is deemed necessary/beneficial according to the above mentioned discussion, i.e. under CoMP scenarios and when actual PDSCH transmission takes place, e.g. when a-periodic reporting is configured.

Proposal 3: It is proposed to restrict the IMR averaging to 1ms under CoMP scenarios (e.g. for TM10 or for feature group 7-1) when actual PDSCH transmission takes place, i.e. in case of a-periodic reporting.  In other conditions, under CoMP feature two states could be defined/signaled by the network: 1ms averaging and an allowed interference averaging up to TBDms. 

2.3
Is there the need to change the RAN 1 specification?

CQI definition in RAN 1 specification is unclear as it does not state explicitly the observation period based on which the UE shall base the CQI reporting. As pointed out in Section 2.1 is beneficial to have a precise definition of CSI reporting in order to allow for optimization of network OLLA algorithms and allow for network throughput improvements, as well as for the UE in order to follow a clear specification definition.
Proposal 4: Send information to RAN and RAN 1 on the need to clarify the RAN 1 specification for CQI definition. In particular the maximum observation interval based on which the UE computes the CQI needs to be captured in RAN 1 specifications. 
3. Conclusions

In this contribution we discuss further on TM10 IMR averaging, and make the following proposals

Proposal 1: A well-defined interference averaging behavior is necessary for UEs. It can be discussed further whether to apply this only to Rel-11 UEs. 

Proposal 2: For non CoMP case(TM1-TM9)

· Acknowledge that a well defined interference averaging observation interval is beneficial as it allows for additional network optimization and can provide benefits 

· The observation interval can be defined up to TBDms to provide a limitation in terms of averaging in time domain.

Proposal 3: It is proposed to restrict the IMR averaging to 1ms under CoMP scenarios (e.g. for TM10 or for feature group 7-1) when actual PDSCH transmission takes place, i.e. in case of a-periodic reporting.  In other conditions, under CoMP feature two states could be defined/signaled by the network: 1ms averaging and an allowed interference averaging up to TBDms. 

Proposal 4: Send information to RAN and RAN 1 on the need to clarify the RAN 1 specification for CQI definition. In particular the maximum observation interval based on which the UE computes the CQI needs to be captured in RAN 1 specifications. 
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Appendix

Set up for simulations:

	General parameters

	Carrier frequency
	2 GHz

	Transmission Mode
	TM 10

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nr of RBs per subband
	6

	Traffic Model 
	FTP type 1, 50 kbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback modes
	3-1

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pole

	Macro antenna configuration
	Cross polarized setup, 11°downtilt

	Macro point transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM
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Figure 1. Served Traffic.
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Figure 2. Normalized User Throughput gain
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Figure 3. Cell edge Normalized User Throughput gain

Commercially available UEs








�CQI definition (36.213): Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:


A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1.


…….


the CSI reference resource is defined by a single downlink subframe n-nCQI_ref.








