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1 Introduction

RAN 4 has received an LS from RAN 1 on the IMR granularity, [1].
In the LS RAN 1 mentions the following:

RAN1 would like to inform RAN4 that RAN1 agreed in RAN1#70 to adopt the granularity of 4 REs / PRB for Interference Measurement Resource (IMR). An IMR is a set of REs that the UE uses to measure the interference. The REs of an IMR are REs which can be configured as a ZP CSI-RS resource. 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. Further details of how the UE measures the interference on IMR are left to the UE implementation.
RAN 1 asks RAN 4 to check the achievable accuracy of the interference measurements.

This paper addresses this issue.
2 Discussion
In previous RAN 1 meetings the following was decided in the context of CSI reporting:

· The eNB configures the CSI(s) to be reported by the UE

· A Rel-11 UE can be configured to report one or more CSIs per CC. Each CSI is configured by the association of

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

· Interference part: one Interference Measurement Resource (IMR) which occupies a subset of REs configured as Rel-10 ZP CSI-RS

· FFS whether one or two NZP CSI-RS resources can be configured, on which ports the UE assumes the transmission of an isotropic signal to be considered as interference in addition to the interference measured on the configured IMR

The IMR is a set of REs where the UE can assume that only interference and noise is present and hence it can estimate noise plus interference.

Previously the interference measurement was performed based on CRSs. Hence one could study the achievable amount of accuracy when 4REs/PRB for IMR are scheduled compared with the accuracy level achieved by an estimation done on CRS.

However, it is well understood that the level of accuracy needed depends on the final usage of this measurement. IMR will be used for CQI computation. Hence, rather than studying the accuracy level of the IMR itself, in this paper we study the effect of IMR on CQI spread, i.e. the effect of IMR on CQI legacy test. In particular we provide results for AWGN and for the legacy frequency selective interference test. This test is defined with piecewise constant interference levels for different RBs:

In particular RB 0-5, RB 6-41, RB 42-49  have different interference level. The results are provided by considering an IMR scheduled over 2, 4and 8REs/PRB and with three different cases:

1. Averaging is done only within 1PRB

2. Averaging is done within 3PRBs

3. Averaging is done within 6PRBs

The CQI requirement is defined as follows:

For AWGN test

The reported offset level of the wideband spatial differential CQI for codeword #1 (Table 7.2.2 in TS 36.213 [6]) shall be used to determine the wideband CQI index for codeword #1 as 


wideband CQI1 = wideband CQI0 – Codeword 1 offset level
The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time, where the resulting wideband values CQI1 shall be used to determine the median CQI values for codeword #1. For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1. Furthermore, for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1.
For frequency selective interference test

a)
a sub-band differential CQI offset level of +2 shall be reported at least alpha % for at least one of the sub-bands of full size at the channel edges;

b)
the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ gamma;

The legacy requirements are as such
	
	Test 1
	Test 2

	 [%]
	60
	60

	 
	1.6
	1.6

	UE Category
	1-8
	1-8


In Annex 1 we provide the table of the parameters for the legacy test. In order to test IMR accuracy we have used a test based on the same parameters but we have considered 2TX, CSI-RS for CQI power and IMR for noise estimation.
Table 1 represents the results for AWGN in terms of probability of reported CQI different from median CQI. In Table 1 the results for 10dB SNR, 4REs/PRB and averaging over 1PRB shows that a crossing point between two CQI values occurs. This disappears at SNR=11dB.  
Table 2 provides the results for frequency selective interference in terms of alpha. Additionally Table 2 provides the same results for the case when the interference is estimated by using CRSs.
The columns are for 2, 4, and 8 IMR REs/PRB and the rows are for interference averaging over 1, 3, and 6RBs in frequency direction.

Table 1. AWGN results

	SNR
	10
	11

	
	2REs/PRB
	4REs/PRB
	8REs/PRB
	2REs/PRB
	4REs/PRB
	8REs/PRB

	Averaging 1PRB
	0
	0.4508
	0.1150
	0.1601
	0.0010
	0

	Averaging 3PRB
	0.2187
	0.0750
	0.0240
	0.0040
	0
	0

	Averaging 6PRB
	0.1491
	0.0510
	0.0180
	0.0020
	0
	0

	
	
	
	
	
	
	

	SNR
	16
	  17

	
	2REs/PRB
	4REs/PRB
	8REs/PRB
	2REs/PRB
	4REs/PRB
	8REs/PRB

	Averaging 1PRB
	0
	0
	0
	0.0320
	0
	0

	Averaging 3PRB
	0
	0
	0
	0.0090
	0
	0

	Averaging 6PRB
	0
	0
	0
	0.0070
	0
	0


Table 2. Frequency selective interference test

	Test
	1
	2

	SNR
	8, -1, -1
	-1, -1, 8

	
	2REs/PRB
	4REs/PRB
	8REs/PRB
	CRS based
	2REs/PRB
	4REs/PRB
	8REs/PRB
	CRS based

	Averaging 1PRB
	0.6723
	0.7249
	0.7493
	0.7499
	0.7169
	0.7449
	0.8099
	0.7909

	Averaging 3PRB
	0.6993
	0.7003
	0.7113
	0.7129
	0.6369
	0.6499
	0.6489
	0.6359

	Averaging 6PRB
	0.5522
	0.5492
	0.5412
	0.5482
	0.5378
	0.5438
	0.5438
	0.5298


From Table 2 it is clear that the two tests are passed as long as the averaging is not done over too many RBs in frequency.
It can be seen that when the 4REs/PRB IMR is used as a basis for the interference estimation the UE still fulfil the CQI requirements, and the results are very close to the one obtained with CRSs.
Hence it can be concluded that the level of accuracy achievable by estimating the interference on the IMR as decided in RAN 1 is sufficient to fulfil relevant Rel-8-10 CQI requirements. 
Hence the proposal is as follows:

Proposal: Send an LS back to RAN 1 with the following information

The level of accuracy achievable by estimating the interference on the IMR as decided in RAN 1 is sufficient to for CQI computation and in particular it fulfils legacy CQI requirements. 

Document [2] proposes a draft LS to answer RAN 1 request.
3 Conclusions

This paper provides the analysis requested by RAN 1 on the accuracy achieved by the recently agreed granularity of the IMR (4Res/PRB). The following is proposed:
Proposal: Send an LS back to RAN 1 with the following information

The level of accuracy achievable by estimating the interference on the IMR as decided in RAN 1 is sufficient to for CQI computation and in particular it fulfils legacy CQI requirements. 
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5 Annex

Rel-8 frequency selective interference CQI test

The accuracy of sub-band channel quality indicator (CQI) reporting under frequency selective interference conditions is determined by a percentile of the reported differential CQI offset level +2 for a preferred sub-band, and the relative increase of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest reported differential CQI offset level the corresponding transport format compared to the case for which a fixed format is transmitted on any sub-band in set S of TS 36.213. The purpose is to verify that preferred sub-bands are used for frequently-selective scheduling under frequency-selective interference conditions.

The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD, each available downlink transmission instance for TDD. Sub-bands of a size smaller than full size are excluded from the test. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-6.

Table 9.3.3.1.1-1 Sub-band test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz
	10 MHz

	Transmission mode
	
	1 (port 0)
	1 (port 0)
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for RB 0…5
	dB[mW/15kHz]
	-102
	-93
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for RB 6…41
	dB[mW/15kHz]
	-93
	-93
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for RB 42…49
	dB[mW/15kHz]
	-93
	-102
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	dB[mW/15kHz]
	-94
	-94

	Max number of HARQ transmissions
	
	1

	Propagation channel
	
	Clause B.2.4 with 
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	Reporting interval
	ms
	5

	Antenna configuration
	
	1 x 2

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4) 

Note 2:
Reference measurement channel according to Table A.4-4 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
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