
3GPP TSG-RAN WG4 Meeting #57AH















R4-110188

Austin, US, JAN 17 – JAN 21, 2011
Source:
Huawei
Title:
UE selected subband CQI requirements
Agenda item:
8.1
Document for:
Discussion
1 Introduction
In last RAN4 meeting, UE-selected sub-band CQI test was proposed in [1] [2] [3]. It was shown in [1] that UE selected CSI, such as PUSCH/PUCCH 2-X would bring performance gains similar to PUSCH/PUCCH 3-X reporting mode, and would significantly reduce the uplink overhead compared with PUSCH/PUCCH 3-X reporting mode.  In this paper, three issues will be discussed:
1:  The merits of PUSCH/PUCCH 2-X report mode, including the gain and the reduced overhead;
2:  Some issues related to real network deployment and implementation;
3:  PUSCH/PUCCH 2-X performance evaluation framework, including test metric, test method and working assumptions. 
2 Merits of UE selected subband CQI reporting
The performance using the report modes of PUSCH/PUCCH 2-X would be similar to PUSCH 3-X, while the uplink overhead would be significantly reduced especially for the high order antennas configurations as shown in [1].  It could be observed that in RAN1 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 with each other. So in our opinion, it might be unessential for RAN4 to repeat RAN1’s previous simulation work on that, because the UE selected subband CSI has already been there in RAN1 specifications. Since the UE selected the subband CQI reporting could save the uplink resources indeed and would be useful for some operators, it is suggested to define the corresponding requirements in RAN4. 
In the following, we will further highlight the merits by using PUSCH/PUCCH 2-X reporting.
Firstly, there is no error propagation, i.e. the receiving error of wideband CQI will affect the subband CQI receiving. For the periodic reporting modes, they can be classified into the wideband CQI reporting (PUCCH1-X) and UE selected subband CQI reporting (PUCCH 2-X):
· wideband CQI reporting
· Reporting mode PUCCH 1-0:  only report wideband CQI. 
· Reporting mode PUCCH 1-1:  report wideband CQI +wideband PMI, and the RI reporting interval depends on the reporting period.
· UE selected subband CQI reporting
· Reporting mode PUCCH 2-0:  only report wideband CQI and circularly report subband CQI + the corresponding PRB positions within the allocated bandwidth. But the subband CQI’s are not differentially encoded relatively to the wideband CQI. The wideband CQI receiving error does not impact the subband CQI performance. So there is no error propagation. 
· Reporting mode PUCCH 2-1: report wideband CQI +wideband PMI. RI reporting interval depends on the system bandwidth. The subband CQI’s are not encoded differentially relatively to the wideband CQI. The receiving wideband CQI error does not impact the subband CQI reporting. The error of wideband PMI has no impact on subband CQI, since there are totally 11 bits for dual codeword CSI reporting (7bits for CQI, four bits for wideband PMI). So there is no error propagation. 
Moreover, the required SNR for PUCCH format2 at BLER of 0.01 is -2dB, which might be far below the required SNR for downlink transmission two dual codeword, if we assume that the SNR’s for DL and UL are quite similar, which would be reasonable since the propagation conditions around UE would be good.
Regarding to the aperiodic CSI reporting, all the information including the wideband CQI, wideband PMI, and RI (if it will be feedback to network) will be fed back to eNB in the same subframe. So there is no error propagation.
The number of bits of RI on PUCCH is not larger than two. The PUCCH performance is shown below in Figure 1 and the corresponding simulation assumptions are given in Annex A. The SNR requirement for two bits PUCCH with BLER equal to 0.01 is below -8dB.  And it can be seen that RI performance is good enough that we can neglect the RI error propagation.
In sum, there is no error propagation problem for both periodic and aperiodic UE selected CSI reporting and the outstanding merits for UE selected CSI reporting is the reduction of overhead.
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Figure 1: Performance of PUCCH format 2 with different payload sizes.
Secondly, considering encoding the high layer configured subband CSI reporting modes such as PUSCH 3-X would consume a larger number of PRB’s. Let us recall the UCI transmission on PUSCH as shown in Figure 2 below. 
· If the payload size is less than or equal to 11 bits, the channel coding of the channel quality information is performed according to section 5.2.2.6.4 with input sequence 
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· For payload sizes greater than 11 bits, the CRC attachment, channel coding and rate matching of the channel quality information is performed according to sections 5.1.1, 5.1.3.1 and 5.1.4.2, respectively. The input bit sequence to the CRC attachment is
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. The output bit sequence of the CRC attachment operation is the input bit sequence to the channel coding operation. The output bit sequence of the channel coding operation is the input bit sequence to the rate matching operation. 
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Figure 2: UCI on PUSCH
The CQI bits are mapped to the top end. The number of source bits for high layer configured subband CSI reporting modes will depend on the total number of subbands, e.g., 13 subbands for 20MHz bandwidth. The coded bits depend on the information bit as shown below in [7]. The requirements of UCI on PUSCH (SNR vs BLER) are more stringent than the requirements of PUSCH data transmission. In order to keep the same performance as PUCCH, whose coded rate is far below that of PUSCH, very large Q’ would be employed for UCI transmission on PUSCH. In other words, system would allocate many resource elements in uplink for the UE to guarantee the performance of UCI on PUSCH. Therefore, the reporting modes of PUSCH 3-X and PUSCH1-2 should schedule many RE resources for UCI transmission, which would consume much of the uplink system capacity. 
Based on the above discussion, the full CSI information reporting would be quite helpful for eNB scheduling but consume a lot of uplink resources. On the contrary, PUCCH 1-0 and PUCCH1-1 will save the resources but could not bring enough information. In this sense, PUSCH/PUCCH 2-X reporting mode would cause less uplink overhead and bring the attractive subband CQI information for the system.
3 Consideration in real network scenarios
There is no resource allocation limitation for PUCCH resource in current specification. The eNB can freely schedule each terminal reporting mode based on the real network deployment and UE channel condition. Regarding to the wideband burst data, in order to get the better performance, one way that eNB could do is to use MIMO and configure subband CSI reporting modes. If that is the case, eNB needs to schedule aperiodic reporting each time, which causes the heavy uplink overhead and the scheduling burden.  Furthermore, as we known, for PUCCH 2-X, many users can be multiplexed on one RB in PUCCH channel, while for PUSCH 3-X and PUSCH1-2 transmission one user would be scheduled on more than one RBs. Therefore in real network, PUCCH based reporting modes or at least mixed PUCCH and PUSCH reporting would be frequently used from the resource saving aspects. Especially for some of asymmetrical uplink/downlink configuration, e.g., TDD mode with uplink/downlink configuration 3, 4, 5, where the uplink resources are relatively scarce, the resource saving due to PUCCH 2-X reporting modes would be quite attractive.
When traffic load in the serving cell is light, e.g. only one user, all the PRB’s are usually allocated to one user, it would be less useful of subband CQI reporting using PUSCH 3-X, since one user transmits data across the whole bandwidth and mainly wideband CQI might be good. On the contrary, PUCCH 2-2 and PUSCH 1-2 would be helpful for MIMO due to the reported subband PMI’s. When traffic load in the serving cell is heavy, many users would share the whole bandwidth, subband CQI’s and PMI’s are useful for each UE. In this case, subband CQI might be more useful than subband PMI (although the accurate subband PMI is also very useful), which would bring more gain, because each user was allocated to a few PRBs. So the reporting modes such as PUSCH 3-1 and PUSCH 2-2 would be preferable. PUSCH 2-2 could be useful for both above cases. 
Therefore PUSCH/PUCCH 2-X may be general outstanding, considering the real network scenarios. And PUSCH/PUCCH 2-X reporting modes would be widely used in Rel-9.
4 UE selected subband CSI test
In this section, we introduce our framework for the UE selected CSI tests of CQI and PMI. We suggest defining the requirements for PUSCH 2-0, PUSCH 2-2, PUCCH 2-0 and PUCCH 2-1, because in that way all the reporting modes would be tested.
4.1 PUSCH 2-0

In the last meeting, the initial agreement had been reached that no requirements of CQI distribution and BLER. Two remaining issues are discussed as below and simulation results are shown in Figure 3:
·    Channel selection: since in the existing frequency-selected CQI tests, the static two-path channel model is used. We suggest reusing the same channel model. In Figure 3, we compared the relative gain for different channel models such as ETU, EVA and static two-path (where the relative throughput gain is defined as the ratio of the throughput obtained when transmitting on subband according to the reporting and the throughput obtained when transmitting by using randomly selected PMI). The simulation assumptions are given in Annex A. And we can observe that static two-path would give more significant gains and more smooth curves, which help obtaining more robust and effective tests for PUSCH 2-0.
·    For 10MHz bandwidth, PUSCH 2-0 CSI report, including the wideband CQI and the subband CQI for 15 RBs (subband size is 3, subband number is 5). From Figure3, we can observe that the curve corresponding to 15RBs is smoother than that for 3PRB, which would lead to more robust tests. And 15RB cases could fully and better reflect the UEs subband selected CSI reporting capability than 3RB cases.
[image: image5.emf]6 7 8 9 10 11 12 13 14 15 16

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

SNR

Throughput gain

SIMO ETU5/EPA5/twopath5 Throughput gain

 

 

ETU5 3RB

EVA5 3RB

twopath 3RB

twopath 15RB


Figure 3: Aperiodic CSI reporting 

Proposal 1: For PUSCH 2-0, the static two-path channel and 15RB allocation are suggested.

4.2 PUCCH 2-0

For PUCCH 2-0, the whole bandwidth is divided into several bandwidth parts (BP). In each bandwidth part, one best sub-band CQI and corresponding subband index should be reported. There are two reporting steps for transmission mode 1 (single port). The first report the wideband CQI, the second step is circularly reporting the best CQI in one BP.
The first issue is what channel model will be used. In Figure 4 we give our initial simulation results. The curve for static two-path is still smoother than other channel models. So we prefer the static two-path channel model.
The second issue is relevant to the scheduling and how to use the subband CQI reported. If set the reporting period is 2ms, three BPs (10M bandwidth) CQI and wideband CQI will spend 8ms. And subframes of #0 and #5 are not used for the test. As shown in Figure5, for example at the first #1, #8 and #9 subframes, UE could only get wideband CQI rather than the best subband CQI information. Therefore we propose that the eNB emulator should schedule downlink transmission according to the most recent reported subband position and subband CQI at the subframes where only wideband CQI is reported. For example, as shown in Figure 5, BP3 CQI would be used at the #8 and 9 subframes.
Proposal 2: For PUCCH 2-0, the static two-path channel is suggested. And for the eNB emulator (tester), we suggest that eNB emulator should schedule downlink transmission according to the most recent reported subband position and subband CQI at the subframes where only wideband CQI is reported.
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Figure 4: Periodic CSI reporting 
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Figure 5: PUCCH 2-0 PDSCH data transmission. 
4.3 PUSCH 2-2

For this test, we can adopt the similar simulation assumptions as subband PMI test as shown in [3]. All the M subbands are scheduled for the UE and simulation results are shown in Table 1. As the existing PMI test, we think that EVA5 other than EPA5 with the 2x2 low correlation might be feasible for this test, since higher frequency selectivity is helpful for the subband PMI test and EVA5 is used in the existing single PMI test.
And the other issue is that there would be PRB holes in the allocated PRBs for downlink transmission. Therefore the current single side and double side OCNG patterns would be not sufficient for the tests. New patterns would be needed.
Proposal 3: For PUSCH 2-2, EVA5 with 2x2 low correlation is suggested and new OCNG pattern is needed.










Table 1:.PUSCH 2-2 throughput gain

	Channel conditions
	Throughput gain

	EPA5 
	1.6117

	EVA5
	1.6223

	Two path 5
	1.6667


4.4 PUCCH 2-1

For this test, we can adopt the similar simulation assumptions as subband PMI test as shown in [3]. Subband scheduler is similar with PUCCH2-0, and simulation results are shown in Table 2. EVA5 with 2x2 low correlation may be feasible for this test, since high frequency selectivity is helpful for PMI test and EVA5 is used in the existing single PMI test.
Proposal 4: For PUSCH 2-1, EVA5 with 2x2 low correlation is suggested.









Table 2: PUCCH 2-1 throughput gain

	Channel conditions
	Throughput gain

	EPA5
	1.421

	EVA5
	1.4407

	Two path 5
	1.662


5 Conclusions
UE-selected CSI reporting test case should be defined in RAN4 and corresponding CR are shown in Annex B below.
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Annex A
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	ETU

	Frequency hopping
	At slot boundary

	Antenna setup
	1Tx, 2Rx

	Channel estimation
	Realistic

	CP type
	Normal CP

	Signal bandwidth
	180 kHz

	Number of UEs
	1

	UE speed 
	3 km/h


Annex B
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  the UE-selected subbands with the corresponding transport format compared to the case for which a fixed format is transmitted on randomly selected M 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 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 M subbands in set S shall be ≥ ;

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. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-7.
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
	[8]
	[9]
	[13]
	[14]
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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.4-7 with one/two sided dynamic OCNG Pattern OP.1/2/5 FDD as described in Annex A.5.1.1/2/5.
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 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 M subbands in set S shall be ≥ ;

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. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-8.
  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
	[8]
	[9]
	[13]
	[14]
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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.4-8 with one/two sided dynamic OCNG Pattern OP.1/2/5 TDD as described in Annex A.5.2.1/2/5.
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]


[Unchanged section omitted]
9.3.X
UE-selected subband CQI

The accuracy of PUCCH 2-0 channel quality indicator (CQI) reporting under frequency-selective fading conditions is determined by the relative increase of the throughput obtained when transmitting on 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 correct subbands are accurately reported for frequency-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.x.1
Minimum requirement PUCCH 2-0

9.3.x.1.1
FDD

For the parameters specified in Table 9.3.x.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.1-2 and by the following
a)
the ratio of the throughput obtained when transmitting on 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 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. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-6.
Table 9.3.x.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
	[8]
	[9]
	[13]
	[14]
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	Reporting periodicity
	ms
	NP = 2

	CQI delay
	ms
	8

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for wideband CQI
	
	4

	PUCCH Report Type for subband CQI
	
	1

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	6 (full size)

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	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.
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.
Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


Table 9.3.x.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

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


9.3.x.1.2
TDD

For the parameters specified in Table 9.3.x.1.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.x.1.2-2 and by the following
a)
the ratio of the throughput obtained when transmitting on 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 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. The transport block sizes TBS for wideband CQI median and subband CQI are selected according to Table A.4-6.
Table 9.3.x.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
	[8]
	[9]
	[13]
	[14]

	
[image: image20.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	[-90]
	[-89]
	[-85]
	[-84]

	
[image: image21.wmf])

(

j

oc

N


	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
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	Reporting periodicity
	ms
	NP = 5

	CQI delay
	ms
	[10 or 11]

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type for wideband CQI
	
	4

	PUCCH Report Type for subband CQI
	
	1

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	6 (full size)

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	3

	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.4-5 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.
Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.



Table 9.3.x.1.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

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


[Unchanged section omitted]
9.4.1
 Single PMI

9.4.1.2

Minimum requirement PUCCH 2-1
9.4.1.2.1
FDD

For the parameters specified in Table 9.4.1.2.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.4.1.2.1-2.

Table 9.4.1.2.1-1 PMI test for single-layer (FDD) 
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	6  

	Propagation channel 
	
	[EVA5]

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	-98

	PMI delay
	ms
	8

	Reporting mode
	
	PUCCH 2-1

	Reporting periodicity
	ms
	NP = 2

	Physical channel for CQI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for wideband CQI
	
	2

	PUCCH Report Type for subband CQI
	
	1

	Measurement channel
	
	[R.11-4 FDD]

	OCNG Pattern
	
	OP.1/2 FDD

	Precoding granularity
	PRB
	6 (full size)

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoder shall be updated every two TTI (2 ms granularity)
Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).
Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9]to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.


Table 9.4.1.2.1-2 Minimum requirement (FDD)

	
	Test 1

	 
	TBD

	UE Category
	1-5


9.4.1.2.2
TDD

For the parameters specified in Table 9.4.1.2.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.4.1.2.2-2.

Table 9.4.1.2.2-1 PMI test for single-layer (TDD) 
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	6 

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel 
	
	[EVA5]

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	-98

	PMI delay
	ms
	[10 or 11]

	Reporting mode
	
	PUCCH 2-1

	Reporting periodicity
	ms
	NP = 5

	Physical channel for CQI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for wideband CQI
	
	2

	PUCCH Report Type for subband CQI
	
	1

	Measurement channel
	
	[R.11-4 TDD]

	OCNG Pattern
	
	OP.1/2 TDD

	Precoding granularity
	PRB
	[6 (full size)]

	Number of bandwidth parts (J)
	
	3

	K
	
	1

	cqi-pmi-ConfigIndex
	
	1

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
For random precoder selection, the precoder shall be updated in each available downlink transmission instance
Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4)
Note 3:
To avoid collisions between CQI/PMI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.


Table 9.4.1.2.2-2 Minimum requirement (TDD)

	
	Test 1

	 
	TBD

	UE Category
	[1-5]


[Unchanged section omitted]
9.4.2.2

Minimum requirement PUSCH 2-2
9.4.2.2.1
FDD

For the parameters specified in Table 9.4.2.2.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.4.2.2.1-2.
Table 9.4.2.2.1-1 PMI test for single-layer (FDD) 
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	6 

	Propagation channel 
	
	[EVA5]

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	-98

	PMI delay
	ms
	8

	Reporting mode
	
	PUSCH 2-2

	Reporting interval
	ms
	1

	Measurement channel
	
	[R.11-4 FDD]

	OCNG Pattern
	
	OP.1/2/5 FDD

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity)
Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4)


Table 9.4.2.2.1-2 Minimum requirement (FDD)

	
	Test 1

	 
	TBD

	UE Category
	[1-5]


9.4.2.2.2
TDD

For the parameters specified in Table 9.4.2.2.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.4.2.2.2-2.

Table 9.4.2.2.2-1 PMI test for single-layer (TDD) 
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	6  

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel 
	
	[EVA5]

	Correlation and antenna configuration
	
	Low 2 x 2
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	dB[mW/15kHz]
	-98

	PMI delay
	ms
	[10 or 11]

	Reporting mode
	
	PUSCH 2-2

	Reporting interval
	ms
	1

	Measurement channel
	
	[R.11-4 TDD]

	OCNG Pattern
	
	OP.1/2/5 FDD

	Subband size (k)
	RBs
	3 (full size)

	Number of preferred subbands (M)
	
	5

	Max number of HARQ transmissions
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1:
For random precoder selection, the precoders shall be updated in each available downlink transmission instance
Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4)


Table 9.4.2.2.2-2 Minimum requirement (TDD)

	
	Test 1

	 
	TBD

	UE Category
	[1-5]


[Unchanged section omitted]
Table A.3.3.2.1-1: Fixed Reference Channel two antenna ports
	Parameter
	Unit
	Value

	Reference channel
	
	
	R.10 FDD
	R.11 FDD
	R.11-2 FDD
	[R.11-3 FDD]
	[R.11-4 FDD]
	R.30 FDD
	R.35 FDD

	Channel bandwidth
	MHz
	
	10
	10
	5
	10
	10
	20
	10

	Allocated resource blocks
	
	
	50
	50
	25
	40
	6
	100
	50

	Allocated subframes per Radio Frame
	
	
	10
	10
	10
	10
	10
	10
	10

	Modulation
	
	
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	64QAM

	Target Coding Rate
	
	
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	4392
	12960
	5736
	[10296]
	[1544]
	25456
	19848

	  For Sub-Frame 5
	Bits
	
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	
	4392
	12960
	4968
	[10296]
	n/a
	25456
	18336

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	1
	3
	1
	2
	1
	5
	4

	  For Sub-Frame 5
	Bits
	
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	
	1
	3
	1
	2
	n/a
	5
	3

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,6,7,8,9
	Bits
	
	13200
	26400
	12000
	[21120]
	[3168]
	52800
	39600

	  For Sub-Frame 5
	Bits
	
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	
	12384
	24768
	10368
	[19488]
	n/a
	51168
	37152

	Max. Throughput averaged over 1 frame
	Mbps
	
	3.953
	11.664
	5.086
	[9.266]
	[1.235]
	22.910
	17.712

	UE Category
	
	
	1-5
	2-5
	1-5
	1-5
	1-5
	2-5
	2-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)




[Unchanged section omitted]
Table A.3.4.2.1-1: Fixed Reference Channel two antenna ports
	Parameter
	Unit
	Value

	Reference channel
	
	R.10 TDD
	R.11 TDD
	[R.11-1 TDD]
	R.11-2 TDD
	[R.11-3 TDD]
	[R.11-4 TDD]
	R.30 TDD
	R.35 TDD

	Channel bandwidth
	MHz
	10
	10
	10
	5
	10
	10
	20
	10

	Allocated resource blocks
	
	50
	50
	50
	25
	40
	6
	100
	50

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	1
	1
	1
	10
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2
	
	4+2
	4+2

	Modulation
	
	QPSK
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	16QAM
	64 QAM

	Target Coding Rate
	
	1/3
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2
	1/2

	Information Bit Payload
	
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	4392
	12960
	12960
	5736
	[10296]
	[1544]
	25456
	19848

	  For Sub-Frames 1,6
	
	3240
	9528
	9528
	5160
	[9144]
	[1192]
	22920
	15840

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	4392
	12960
	n/a
	4968
	[10296]
	n/a
	25456
	n/a

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	
	1
	
	

	  For Sub-Frames 4,9 
	
	1
	3
	3
	1
	2
	[1]
	5
	4

	  For Sub-Frames 1,6
	
	1
	2
	2
	1
	2
	[1]
	4
	3

	  For Sub-Frame 5
	
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	  For Sub-Frame 0
	
	1
	3
	n/a
	1
	2
	n/a
	5
	n/a

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	n/a
	
	

	  For Sub-Frames 4,9 
	Bits
	13200
	26400
	26400
	12000
	[21120]
	[3168]
	52800
	39600

	  For Sub-Frames 1,6
	
	10656
	21312
	21312
	10512
	[16992]
	[2592]
	42912
	31968

	  For Sub-Frame 5
	Bits
	n/a
	n/a
	n/a
	n/a
	n/a
	1-5
	n/a
	n/a

	  For Sub-Frame 0
	Bits
	12528
	25056
	n/a
	10656
	[19776]
	10
	51456
	n/a

	Max. Throughput averaged over 1 frame
	Mbps
	1.966
	5.794
	4.498
	2.676
	[4.918]
	0.547
	12.221
	7.138

	UE Category
	
	1-5
	2-5
	2-5
	1-5
	1-5
	1-5
	2-5
	2-5

	Note 1:
2 symbols allocated to PDCCH for 20 MHz, 15 MHz and 10 MHz channel BW; 3 symbols allocated to PDCCH for 5 MHz and 3 MHz; 4 symbols allocated to PDCCH for 1.4 MHz. For subframe 1&6, only 2 OFDM symbols are allocated to PDCCH.

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L          = 0 Bit).


[Unchanged section omitted]
A.5.1.5
 OCNG FDD pattern 5: Multiple sided dynamic OCNG FDD pattern 

TBD
A.5.2.5
OCNG TDD pattern 5: Multiple sided dynamic OCNG TDD pattern 

TBD
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