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1 Introduction

In previous meeting the discussion on Comp performance has started [1-4]. Several aspects are still under discussion in RAN 1, however high level decisions can be taken in order to progress the work. The paper continues the discussion on the definition of Comp performance.

2 Discussion
The performance requirements can be divided in

· BS demodulation performance

· Feedback reporting

· UE demodulation performance

· Control channels: PDCCH, ePDCCH

· Demodulation performance for PDSCH

· CSI reporting

2.1 BS performance

BS demodulation performance consists of PUCCH and PUSCH requirements. In the context of Comp it has been decided to reuse the reuse the same reporting types as for carrier aggregation without any extensions.

However the aperiodic reporting on PUSCH has not been finalized yet in RAN 1: it is likely that a similar framework as for CA will be reused, where three sets of CSI processes can be RRC configured, and each set can be dynamically triggered for CSI reporting.
It is proposed to reuse for PUCCH existing BS performance requirements. Document [5] addresses more extensively these aspects.
Proposal 1: For PUCCH reuse existing BS performance requirements based on CA.

2.2 UE performance

2.2.1 Control Channels

RAN 1 is discussing the addition of a new DCI format for the support of Comp: for example RAN 1 has agreed to extend e.g., DCI format 2C with new bits in support of demodulation of PDSCH for CoMP (e.g., 2 additional dynamic bits for colocation/resource element mapping). It is likely that a next DCI format, format 2D will be introduced.

So far 36.101 specifies the PDCCH performance requirements for the following RMCs:

	Parameter
	Unit
	Value

	Reference channel
	
	R.15 FDD
	R.15-1 FDD
	R.16 FDD
	R.17 FDD

	Number of transmitter antennas
	
	1
	2
	2
	4

	Channel bandwidth
	MHz
	10
	10
	10
	5

	Number of OFDM symbols for PDCCH
	symbols
	2
	3
	2
	2

	Aggregation level
	CCE
	8 
	8
	4
	2

	DCI Format
	
	Format 1
	Format 1
	Format 2
	Format 2

	Cell ID
	
	0
	0
	0
	0

	Payload (without CRC)
	Bits
	31
	31
	43
	42


From the above table it can be seen that only DCI format 1 and 2 are tested. R.15, R.16 and R.17 are introduced depending on the number of transmit antennas, the bandwidth and for DCI format (and hence the payload). Additionally R.15-1 has been introduced for eICIC PDCCH related test.

It is of course acknowledged that it would be beneficial to test PDCCH for all possible configurations and format in order to make sure that a certain level of miss-detection of the downlink scheduling grant is maintained for all the conditions; however, the UE receiver used to demodulate PDCCH will be the same as the one used to fulfill legacy tests. Additionally the introduction of a new DCI format with 2 additional bits but with the same CRC length does not change the UE PDCCH reception capability. 

For eICIC the introduction of new PDCCH requirements was motivated by the additional interference present and the fact that the UE decodes only when the subframe is aligned with ABS.

This is not the case in Comp, hence it is proposed not to introduce new requirements for PDCCH.

In RAN 1 it has been decided to introduce a new ePDCCH. RAN 1 has done good progress for the definition of ePDCCH. It is foreseen that RAN4 will introduce new performance requirements for ePDCCH in the context of the dedicated eDPCCH work item.

RAN 1 has decided that no ePHICH and ePCFICH will be supported in Rel-11. Hence no tests need to be defined.
Proposal 2: Do not introduce new control channel performance requirements under Comp.

2.2.2 Demodulation performance

In terms of PDSCH demodulation, comp feature can be considered to be transparent for the UE, as it does not require additional functionality for the UE to be able to decode the information coming from a cooperative network. However, some aspects which are specific to Comp may affect legacy PDSCH requirements.

Primarily RAN 1 has decided to introduce a new transmission mode for Comp, transmission mode 10, TM10. This is very similar to TM9 but for the following aspects:
· Feedback structure

· Possibility to schedule several CSI-RS processes for which the UE should report the CSI.

· IMR scheduling which allows the UE to report CSI associated to different interference hypothesis.

· UE specific scrambling

· Supporting both non collocation behaviour A and B

PDSCH performance requirements under the hypothesis of behaviour B should be defined by considering a range of non collocation of the large scale parameter of the channel such that a certain amount of gain is still visible. PDSCH performance requirements for TM 10 under behaviour A could be introduced as well, however it can be discussed further whether legacy TM 9 performance requirements can be reused.

Additionally RAN 1 is currently discussing the RE mapping for PDSCH. This may be different compared to the legacy PDSCH due to possible different CRS positions and due to different MBSFN subframe configuration between different cells participating in the cooperation. A collision between for example PDSCH and CRS introduces interference which can be detrimental for the overall performance. RAN1 agreed to introduce signaling to indicate the CRS position of at least one cell from which PDSCH transmission may occur. Indicating CRS positions of up to 3 cells is under discussion.  Which of the resource element mappings to use is signaled dynamically in DCI format.
It is considered as beneficial to make sure that the UE is performing the correct rate matching capability of the UE (depending on the agreements in RAN 1).
The proposal is as follows:
Proposal 3: Define new PDSCH TM 10 performance requirements with the following characteristics:

· Support of non collocation behavior B
· Consider testing CRS rate matching to avoid collision

· Possible different MBSFN configurations for different transmission points

TM 10 performance requirements for non collocation behaviour A can be possibly reused from legacy TM 9 performance requirements. This needs to be discussed further.

2.2.3 CSI

In previous RAN 1 several agreements have been reached in the context of CSI reporting some of them are reported here:
· The eNB configures the CSI(s) to be reported by the UE

· Definition: A CSI process is a combination of

· Channel part: one NZP CSI-RS resource in CoMP Measurement Set

· Interference part: one Interference Measurement Res

·  A given CSI process can be used by periodic and/or aperiodic reporting. 

· A Rel-11 UE can be configured to report one or more CSIs per CC. 

· For the purpose of interference measurement on an IMR, the UE shall assume that all signals received on the REs of the IMR are interference.

· Maximum number of IMRs that can be configured for one UE: 3

· All the Rel 10 CSI reporting modes are supported for CoMP in Rel 11.

· All the Rel 10 CSI reporting types are supported for CoMP in Rel 11.

· The Rel 10 rules for collisions between different CSI reports in the non-CA case also apply for non-CA CoMP for the case of collision between CSI reports within one “CSI process”.

Additionally RAN 1 agreed that Aggregated CQI across multiple CSI-RS resources will not be introduced in the context of Rel-11 specifications
CSI reporting is associated to a particular CSI process which corresponds to a CSI-RS resource and to an IMR. Several processes can share the same CSI-RS resource and differ because of the scheduled IMR. 
Additionally periodic and aperiodic CSI reporting on PUCCH and PUSCH can be defined for CoMP. 

Several details still need to be concluded in RAN 1 and a finalized simulation set up can be defined in the coming RAN 4 meetings, when RAN 1 has completed the remaining issues. However, some initial high level considerations can be provided and some high level decisions can be made in order to progress the work. 
Since the structure of the feedback channel is mainly reused from carrier aggregation, one could think about re-using the carrier aggregation tests defined for CA. However, only a very basic test coverage is considered under carrier aggregation and there are some differences which may influence the CSI reporting, namely the presence of IMR, the presence of several CSI processes etc etc.

In general there are two alternatives when defining CSI reporting test:

Alt 1. Define a realistic test set up which consider the most typical deployment whose aim is to make sure that the CSI reporting is allowing for good overall performance.
Alt 2. Define tests in footstep of legacy tests whose purpose is mainly to verify that the correct CSI definition is used in the UE but taking into account the new aspects of CSI feedback under Comp
Even though we think that alternative 1 would the most appropriate to make sure good performance gains are achieved, we propose here to follow alternative 2. 

Nevertheless, some basic aspects (different from legacy CSI tests) should be considered and introduced in the new CSI test set up:

· Scheduling of IMR and interference estimation based on IMR

· Scheduling of at least one CSI process, whose CSI-RS are collocated with the DM-RS

· Considering tests for non collocation behaviour A and B.

It should be noted that the UE capability to report per CSI-RS resource CSI feedbacks is a new capability which was not previously tested and hence it would be important to consider this assumption in order to make sure that the UE is capable of reporting CSI for the different processes.
However, the legacy test set up (for example for CQI) is not adapted to that multiple CSI are to be reported and checked simultaneously. One solution could be to schedule the UE with several CSI processes and several IMRs per UE and dynamically changing the association of the CSI-RS and DM-RS during the test in a UE transparent manner (the association is signalled to the UE according to non collocation behaviour B). The CSI statistic would be collected only for the CSI process associated with the actual PDSCH transmission. Hence solutions exists which allows for a test set up which capture the main aspects of the CSI feedback associated to Comp.

Additionally a mixture of reporting mode as initially proposed in [1] could be also considered when several CSI processes are scheduled, however this may complicate too much the test set up and hence it can be considered as lower priority.

Hence, the proposals are as follows:

Proposal 4: Define CSI tests in footstep of legacy tests whose purpose is mainly to verify that the correct CSI definition is used in the UE but taking into account the new aspects of CSI feedback under Comp.
Proposal 5: The basic aspects (different from legacy CSI tests) should be considered and introduced in the new CSI test set up:

· Scheduling of IMR and interference estimation based on IMR

· Scheduling of at least one or more CSI process, whose CSI-RS are always collocated with the DM-RS in case of one CSI process, or whose association is for example, dynamically changed during the test when several CSI processes are scheduled.

· Considering tests for non collocation behaviour A and B.
Conclusions

The conclusions are as follows:

Proposal 1: For PUCCH reuse existing BS performance requirements based on CA.
Proposal 2: Do not introduce new control channel performance requirements under Comp.

Proposal 3: Define new PDSCH TM 10 performance requirements with the following characteristics:

· Support of non collocation behavior B

· Consider testing CRS rate matching to avoid collision

· Possible different MBSFN configurations for different transmission points

TM 10 performance requirements for non collocation behaviour A can be possibly reused from legacy TM 9 performance requirements. This needs to be discussed further.

Proposal 4: Define CSI tests in footstep of legacy tests whose purpose is mainly to verify that the correct CSI definition is used in the UE but taking into account the new aspects of CSI feedback under Comp.
Proposal 5: The basic aspects (different from legacy CSI tests) should be considered and introduced in the new CSI test set up:

· Scheduling of IMR and interference estimation based on IMR

· Scheduling of at least one or more CSI process, whose CSI-RS are always collocated with the DM-RS in case of one CSI process, or whose association is for example, dynamically changed during the test when several CSI processes are scheduled.

· Considering tests for non collocation behaviour A and B.
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