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1 Introduction
In last RAN4 meeting, UE-selected sub-band CQI test was proposed in [1] [2]. In this contribution we share our views on this issue.
2 Merits of UE selected subband CQI reporting
FeatureGroupIndicators (FGI) indicate whether certain features are available in the initial phases of LTE deployments. In Rel-8, FGI bit1 and bit2 were defined several years ago, including UE selected subband CQI reporting modes. In RAN plenary #49 meeting, some operators proposed that FGI bit 1 and bit 2 should be mandatory to be implemented in Rel-9 [3] by removing them from the FGI table, as shown below and this issue has also been discussed in RAN4 [3] [4].
Table B.1-1: Definitions of bit 1 and 2 in the feature group indicators

	Index of indicator (bit number)
	Definition

(Description of the supported functionality, if indicator set to one)
	Notes

	1 (leftmost bit)
	- Intra-subframe frequency hopping for PUSCH scheduled by UL grant

- DCI format 3a (TPC commands for PUCCH and PUSCH with single bit power adjustments)

- Multi-user MIMO for PDSCH

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-0 – UE selected subband CQI without PMI

- Aperiodic CQI/PMI/RI reporting on PUSCH: Mode 2-2 – UE selected subband CQI with multiple PMI
	

	2
	- Simultaneous CQI and ACK/NACK on PUCCH, i.e. PUCCH format 2a and 2b

- Absolute TPC command for PUSCH

- Resource allocation type 1 for PDSCH

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-0 – UE selected subband CQI without PMI

- Periodic CQI/PMI/RI reporting on PUCCH: Mode 2-1 – UE selected subband CQI with single PMI
	


In the online discussion of the last meeting, it was suggested that some system simulation results were needed to show the gain of UE selected subband CQI reporting. 
In this contribution, some simulation results are given. The performances using different CQI reporting modes are compared using both link-level and system-level simulations. Figure 1 shows the link-level simulation results for the single-antenna case (a) and 4x2 MIMO with closed-loop spatial multiplexing (b) . 
In Figure1, we observe that 

· For the single antenna case, all simulated reporting modes (PUCCH1-0, PUCCH 2-0, PUSCH2-0, PUSCH 3-0) perform quite similar. 
· For the 4x2 MIMO case, 
· The aperiodic modes with subband PMI gives significant performance gain above 10 dB SINR

· The aperiodic PUSCH 1-2 reporting mode (subband PMI, wideband CQI) provides the best throughput results in all CQI/PMI reporting modes, with PUSCH 2-2 as second best and these two modes always outperforms the periodic modes PUCCH 1-1, PUCCH 2-1, and also the aperiodic reporting mode PUSCH 3-1. The gain is mostly due to frequency-selective precoding, and mode PUSCH 1-2 has the smallest precoding granularity. 
To summarize, the performances of UE-selected subbands are similar to that of all subband CQI and/or PMI reporting in SINR range from -5dB to 10dB. Above that, aperiodic, per subband PMI modes are superior. 

The information payload of CQI/PMI for different reporting modes are shown in Table 1 and Table 2 and PUSCH mode 2-2 use up to 43% less information bits for CQI/PMI than PUSCH 1-2.  By considering the more restrict requirements on uplink control signal coverage, the payload of coded UCI information becomes many times larger. This is because the UL-SCH data target BLER is usually 0.1 and the BLER for UCI is 0.01, so a stronger code is needed for the UCI. So any reduction in UCI information overhead, without reducing the DL performance, is beneficial for LTE system due to the large transmission resource saving on both downlink and uplink.
Table 1: Total CQI and PMI (when applicable) payload for aperiodic reporting over PUSCH
	Mode
	No. CW
	5MHz (25 RBs)
	10MHz (50 RBs)
	20MHz (100 RBs)

	
	
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX

	1-2
	1
	n/a
	25
	32
	n/a
	31
	40
	n/a
	43
	56

	
	2
	n/a
	22
	36
	n/a
	26
	44
	n/a
	34
	60

	2-0
	1
	15
	n/a
	n/a
	19
	n/a
	n/a
	24
	n/a
	n/a

	2-2
	1
	n/a
	21
	23
	n/a
	25
	27
	n/a
	30
	32

	
	2
	n/a
	25
	29
	n/a
	29
	33
	n/a
	34
	38

	3-0
	1
	18
	n/a
	n/a
	22
	n/a
	n/a
	30
	n/a
	n/a

	3-1
	1
	n/a
	21
	22
	n/a
	25
	26
	n/a
	33
	34

	
	2
	n/a
	38
	40
	n/a
	46
	48
	n/a
	62
	64


Table 2. Total CQI and PMI (when applicable) payload for periodic reporting over PUCCH
	Mode
	No. CW
	5MHz (25 RBs)
	10MHz (50 RBs)
	20MHz (100 RBs)

	
	
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX
	1-TX
	2-TX
	4-TX

	1-1
	1
	n/a
	6
	8
	n/a
	6
	8
	n/a
	6
	8

	
	2
	n/a
	9
	11
	n/a
	9
	11
	n/a
	9
	11

	1-0
	1
	4
	n/a
	n/a
	4
	n/a
	n/a
	4
	n/a
	n/a

	2-1
	1
	n/a
	6
	8
	n/a
	6
	8
	n/a
	6
	8

	
	2
	n/a
	9
	11
	n/a
	9
	11
	n/a
	9
	11

	2-0
	1
	7
	n/a
	n/a
	7
	n/a
	n/a
	7
	n/a
	n/a


Note1: “2-TX” and “4-TX” refer to closed-loop spatial multiplexing. The overhead for “1-TX” applies to SIMO, Tx diversity, and open-loop spatial multiplexing.

Note2: The overhead for RI is not included in Table 1 and Table 2 for simplicity (since the length of RI depends not only on the number of TX antennas, but also the number of supportable layers).
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Figure 1: Link simulations of different reporting modes
Figure 2 shows the system-level simulation result for single port transmission and 4x2 MIMO, where 10 UEs per cell are assumed. We observe that:
· For single-antenna (1x2) transmission, mode 3-0 PUSCH performs the best. The two best-M compression schemes (mode 2-0 PUCCH and mode 2-0 PUSCH) perform similarly (with mode 2-0 PUSCH performing slightly better). 

· For MIMO (4x2) transmission, mode 2-2 PUSCH and Mode 3-1 PUSCH have similar performance. This is because mode 3-1 PUSCH has higher CQI reporting granularity and achieves more scheduling flexibility, whereas mode 2-2 PUSCH provides a more refined PMI report. Note however that PUSCH 3-1 has up to 40% more overhead (information bits) than PUSCH 2-2.
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Figure 2: System simulation of the different reporting mode

Therefore, UE-selected subband has significant benefits in terms of significantly reducing overhead and should therefore be widely used in Rel-9 networks.
And we also observed that in RAN1 #53 and in earlier meetings, there were a lot of system simulation results for the comparison of different CQI reporting modes from many companies. It seems that these results are not aligned very well or even conflict each other. So in our opinion, it might be unnecessary for RAN4 to repeat RAN1’s previous simulation work on that. Since UE selected subband CQI reporting indeed could save the resource and be useful for some operators, we suggest that RAN4 define the related requirements in Rel-9.

It was also suggested in the last RAN4 meeting that CQI test would be in high priority and subband PMI has been tested in the existing specification. So PUSCH2-0 and PUCCH2-0 would be tested firstly. But it would be a little complex to test PUCCH2-0, since the UE selected subband positions periodically change in whole bandwidth by bandwidth part unit. The test scheduled rules may be further considered. Thus we start the work from PUSCH 2-0. 
However, mode PUCCH2-0 is also important, since in the current specification there is no subband CQI test for PUCCH based reporting modes. If it could be agreed to add new requirements for UE selected subband CQI, we would like to provide the requirements for PUCCH2-0.
3 PUSCH 2-0 CQI test
PUSCH 2-0 CQI working assumptions were proposed in [2], where it proposed the test configuration and test metrics similar to PUSCH 3-0, which is a good start point for solution. We raise some issues here for further discussion: How to select the test metric and test configuration parameters?
In the CR of [2], the test metrics are defined as below:

For the parameters specified in Table 9.3.4.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.4.1.1-2 and by the following 

a)
a reported differential CQI value of [0] shall be reported at most  % of the time for the UE-selected subbands;

b)
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;
Regarding the first test metric, i.e. reported CQI distribution test, we have different idea. There would be the clear purpose for the CQI distribution test in the existing CQI requirements, i.e. to avoid aggressive averaging:

· In CQI definition test: we adopt the static (AWGN) channel, so reporting CQI will be restricted to the round of the median CQI. The metric requirement is the reported CQI value according to Table A.4-1 shall be in the range of ±1 of the reported median more than 90% of the time.
· In frequency selective even interference test (PUSCH 3-0): CQI distribution penalized over time or frequency filter, furthermore the main CQI distribution range are determined by SNR test point. So the metric requirement is a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band
· Frequency non-selective scheduling mode (PUCCH 1-0) the rules are same as PUSCH 3-0 even interference. Considering the CQI distribution is sensitive to SNR test point and penalized filter. So the metric requirement is a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least  % of the time.

· Frequency-selective uneven interference (PUSCH 3-0): UE should have the ability to identify the sub-bands that have less interference. Because the average SNRs of sub-bands are 9dB higher than the SNRs for sub-bands suffering from the interference. So the metric requirement is a sub-band differential CQI offset level of +2 shall be reported at least  % for at least one of the sub-bands of full size at the channel edges.
But for UE selected subband CQI, the location of the best M subbands would vary from one subframe to the other in time and would be distributed across frequency. We do not think that UE will do some kind of averaging. If UE do, it will undergo throughput loss definitely. And in some sense the aggressive averaging has been tested in the existing CQI test. Furthermore, the CQI distribution might be sensitive to SNR, which would lead to the unrobust test. Therefore
Proposal 1: Do not use the CQI distribution test for UE selected subband CQI requirements.

That would simplify the requirements. 
And we suggest adding the BLER requirements as defined in some existing CQI requirements in TS36.101, because the over-estimation and under-estimation of CQI have already been tested. And UE would use the same CQI quantization.
Proposal 2: Do not use BLER test for UE selected subband CQI requirements.
4 Conclusions
UE-selected CSI reporting test case should be defined in RAN4 and corresponding CR are shown in Annex below.
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Annex 
9.3.4
UE-selected subband CQI
The accuracy of UE-selected subband channel quality indicator (CQI) reporting under frequency selective fading conditions is determined by the relative increase of the throughput obtained when transmitting on a randomly selected subband among the UE-selected subbands with the corresponding transport format compared to the case for which a fixed format is transmitted on any subband in set S of TS 36.213 [6]. The purpose is to verify that preferred subbands can be used for frequently-selective scheduling. To account for sensitivity of the input SNR the subband CQI reporting under frequency selective fading conditions is considered to be verified if the reporting accuracy is met for at least one of two SNR levels separated by an offset of 1 dB.  
9.3.4.1
Minimum requirement PUSCH 2-0

9.3.4.1.1
FDD

For the parameters specified in Table 9.3.4.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.4.1.1-2 and by the following 

a)
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

The requirements only apply for subbands of full size and the random scheduling across the subbands is done by selecting a new subband in each TTI for FDD. The transport block size TBS (wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 of TS 36.213 [6] that corresponds to the subband size.
The requirements only apply for subbands 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. The transport block sizes TBS (corresponding to both wideband CQI median and subband CQI) are selected according to Table A.4-X and based on the indicated wideband CQI median and reported subband CQI respectively.

Table 9.3.4.1.1-1 Subband test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	 SNR (Note 3)
	 dB
	TBD
	TBD
	TBD
	TBD
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	Propagation channel
	
	Clause B.2.4 with 
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	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	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.4-10] with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.



Table 9.3.4.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]


9.3.4.1.2
TDD

For the parameters specified in Table 9.3.4.1.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.4.1.2-2 and by the following 

a)
the ratio of the throughput obtained when transmitting on a randomly selected subband among the best M subbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected subband in set S shall be ≥ ;

The requirements only apply for subbands 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. The transport block sizes TBS (corresponding to both wideband CQI median and subband CQI) are selected according to Table A.4-X and based on the indicated wideband CQI median and reported sub-band CQI respectively.

  Table 9.3.4.1.2-1 Sub-band test for single antenna transmission (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	TBD
	TBD
	TBD
	TBD
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	[-98]
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	Propagation channel
	
	Clause B.2.4 with 
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	Reporting interval
	ms
	5

	CQI delay
	ms
	10 or 11

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	ACK/NACK feedback mode
	
	Multiplexing

	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.4-11 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2.
Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.



Table 9.3.4.1.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

	UE Category
	[1-5]
	[1-5]
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