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Discussion
1. Introduction

There is no restriction of the transmission modes for all UE categories including UE category 1 in all the existing specifications, because all UEs are able to access the network no matter what transmission mode are assumed in eNB in principle. It means that UE category 1 needs to support transmission mode = 3/4 although it does not support 2 layers transmission. Some off line discussions on the above aspects happened in RAN1 and it was felt that it should be taken into account in the RAN4 specifications. This contribution discusses how to verify in the RAN4 demodulation performance requirements that UE category 1 should support all the transmission modes. And here we concentrate on the coverage issue of CSI requirements.
Firstly, because the TB sizes used in some CQI tests are beyond the capability of UE category 1, the new CSI requirements are added to the sub-clause of CQI definition under AWGN condition PUCCH1-0, frequency-non-selective PUCCH1-0, and multiple PMI PUSCH1-2 in order to cover the Category1 UE.
Secondly, a new RI test is added to ensure the correct implementation of Category 1 UE when it is configured as the transmission mode 4.
Thirdly, it is suggested to add a new sub-clause named as “CQI implementation under transmission schemes” to verify that UE can implement the CQI measuring and reporting correctly when it is configured to the different transmission schemes. But the detailed discussion is given in the other contribution.
The last but not the least is that except for adding “CQI implementation under transmission schemes” the number of the tests for a certain category UE DOES NOT increase.
2. Discussion
2.1. Coverage of low UE category
As shown in Table 4.1-1 of TS36.306, the Category 1 UE is characterized by low TBS within a TTI, low transmission layer, and low HARQ combining capability from the downlink perspective. So we need to re-evaluate the test coverage of the existing requirements from the above three features.
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4


2.1.1. Coverage of demodulation performance requirements
Table 1 summarize the test coverage for PDSCH. Given that the low category UE demodulation performance has already discussed, we think that we will get a good coverage for PDSCH demodulation for all the UE categories thanks to [1].
Table 1 the coverage of the PDSCH transmission mode 
	Transmission mode
	Transmission scheme of PDSCH
	Coverage by 36.101 in

	1
	Single-antenna port, port 0
	8.2.1.1 

	2
	Transmit diversity
	8.2.1.2

	3
	Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD
	8.2.1.3

	4
	Closed-loop spatial multiplexing or Transmit diversity
	8.2.1.4

	5
	Multi-user MIMO or Transmit diversity
	8.2.1.5 (not complete)

	6
	Closed-loop spatial multiplexing with a single transmission layer or Transmit diversity
	8.2.1.4

	7
	If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity; or Single antenna port: port 5
	8.2.3 (for port5)


For PDCCH/PCFICH, PHICH and PBCH requirements is not directly relevant to UE category. And it seems that all the possible transmission mode and UE categories have already been covered. Actually RAN4 is now discussing demodulation requirements for low category UE. And some new requirements were discussed and added into the core specifications in previous RAN4 meetings.
2.1.2. Coverage of CSI requirements
This section deals with the test coverage of the CSI requirements. For these requirements, the transmission modes have already been explicitly denoted, but UE categories are not. Table 2 summarized the observations in the whole. The following will give more detailed analysis.
Table 2 Evaluation on requirements of CQI, PMI and RI

	Requirements
	
	Transmission modes
	UE categories covered

	CQI definition under AWGN
	PUCCH1-0
	1
	2-5 but not support 1 because the TBS at test point 6dB is beyond the max TBS supported by Cat1 UE

	
	PUCCH1-1
	4
	2-5, do not need to support Cat1 since Cat1 UE can not support 2 layers.

	CQI under fading conditions
	freq-selective PUSCH 3-0
	1
	1-5

	
	freq-non-selective PUCCH1-0
	1
	2-5 but not support CAT 1 because the TBS used may be beyond the max TBS supported by Cat1 UE

	
	freq-selective interference PUSCH 3-0
	1
	1-5

	PMI
	single PMI PUSCH3-1
	6
	1-5

	
	Multiple PMI PUSCH1-2
	6
	2-5 because the FRC used is not for Cat1 UE

	RI
	PUCCH1-1
	4
	2-5 but not support 1 because Cat1 UE can not support RI=2. But cat1 UE should report RI=1 when transmission mode 4 is configured


CQI definition under AWGN PUCCH1-0

This requirement is set at the test point of 0/1dB and 6/7dB with the bandwidth of 10MHz and transmission mode 1. According to the previous simulation results, we can observe that for the test point of 0dB the reported CQI is within the range of [4-6] (provided in [2]) and for the test point of 6dB the reported CQI is in the range of [7, 8] (provided in [2]). Table 3 ~ Table 5 show the TBS’s corresponding to the CQI indices for 10MHz, 5MHz and 3MHz separately. According to Table 7.1.7.2.1-1 of TS36.213 we can find that the TBS for test points at 6/7dB would be beyond the capability of the Category 1 UE, that is, the TBS’s for CQI 8 and 9 are larger than the maximum bits supported as shown in Table 3. Although UE reported CQI below 8 for the test point at 0/1dB in most of the test time, it would not be excluded that some UE would reported 8 or beyond occasionally, which could not be demodulated by Category 1 UE. Therefore, this requirement can not be applied to Category 1 UE and a new CQI test for UE category 1 should be added.
Table 3 TBS vs CQI for the test of CQI definition under AWGN for 10MHz

	CQI that may be reported (TBS index in TS36.213)
	Maximum number of DL-SCH transport block bits received within a TTI (bits) (Subframes 1,2,3,4,6,7,8,9)
	Maximum number of DL-SCH transport block bits received within a TTI defined for UE category 1 (bits)

	1 (0)
	1384
	10296

	2 (0)
	1384
	

	3 (2)
	2216
	

	4 (4)
	3624
	

	5 (6)
	5160
	

	6 (8)
	6968
	

	7 (10)
	8760
	

	8 (12)
	11448
	

	9 (15)
	15264
	

	10 (16)
	16416
	

	11 (19)
	21384
	

	12 (21)
	25456
	

	13 (23)
	28336
	

	14 (25)
	31704
	

	15 (26)
	31704
	


Table 4 TBS vs CQI for the test of CQI definition under AWGN for 5MHz

	CQI that may be reported (TBS index in TS36.213)
	Maximum number of DL-SCH transport block bits received within a TTI (bits) (Subframes 1,2,3,4,6,7,8,9)
	Maximum number of DL-SCH transport block bits received within a TTI defined for UE category 1 (bits)

	1 (0)
	680
	10296

	2 (0)
	680
	

	3 (2)
	1096
	

	4 (4)
	1800
	

	5 (6)
	2600
	

	6 (8)
	3496
	

	7 (10)
	4392
	

	8 (12)
	5736
	

	9 (15)
	7736
	

	10 (16)
	7992
	

	11 (19)
	10680
	

	12 (21)
	12576
	

	13 (23)
	14112
	

	14 (25)
	15840
	

	15 (26)
	18336
	


Table 5 TBS vs CQI for the test of CQI definition under AWGN for 3MHz

	CQI that may be reported (TBS index in TS36.213)
	Maximum number of DL-SCH transport block bits received within a TTI (bits) (Subframes 1,2,3,4,6,7,8,9)
	Maximum number of DL-SCH transport block bits received within a TTI defined for UE category 1 (bits)

	1 (0)
	392
	10296

	2 (0)
	392
	

	3 (2)
	648
	

	4 (4)
	1064
	

	5 (6)
	1544
	

	6 (8)
	2088
	

	7 (10)
	2664
	

	8 (12)
	3368
	

	9 (15)
	4584
	

	10 (16)
	4968
	

	11 (19)
	6456
	

	12 (21)
	7480
	

	13 (23)
	8504
	

	14 (25)
	9528
	

	15 (26)
	11064(9528)
	


CQI definition under AWGN PUCCH1-1
This requirement is to verify the CQI definition for dual-codeword. Since the Category 1 UE can not support the two layer transmission, this requirement is meaningless for Category 1 UE. 
Frequency-selective PUSCH 3-0
This requirement is to verify the subband CQI measurement accuracy and UE’s capability of following frequency selective channel. The 1×2 antenna configuration as well as the transmission mode 1 and two-tap artificial channel is used. Since the TBS for the subband is not beyond the capability of the Category 1 UE and the transmission layer is one, this requirement can be applied to Category 1 UE.
Frequency-non-selective PUCCH1-0

This requirement is to verify the capability of UE tracking the time-varying channel. The wideband CQI feedback across 10MHz bandwidth is assumed and the requirement is set at the test points of 6/7dB and 12/13dB. Compared to the CQI definition test under AWGN, the reported CQIs in the test of the frequency-non-selective PUCCH 1-0 distribute more widely, e.g., with the spread of 8 CQI indices approximately. As shown in Table 3, the TBS corresponding to CQI 8 exceeds the maximum TBS supported by Category 1 UE. The same problem as the test case of CQI definition under AWGN PUCCH1-0 occurs. Therefore, this requirement could not cover the Category 1 UE and a new requirement should be added.
Frequency-selective interference PUSCH 3-0

This requirement is also defined on the subband transmission under transmission mode 1 and without HARQ process. All the TBS’s used are within the range supported by Category 1 UE. Due to the same reason as that for frequency-selective PUSCH 3-0, this requirement can cover Category 1 UE.
Single PMI PUSCH 3-1

The transmission mode is 6 and the FRC used in the requirement can be applied to from Category 1 to Category 5. It is obvious that this requirement is OK for Category 1 UE.
Multiple-PMI PUSCH 1-2

Because the FRC does not support Category 1 UE as shown in Table 2, this requirement can not be applied to Category 1 UE. Therefore a new requirement should be added.
RI PUCCH1-1
For the RI requirement, because UE category 1 can not support 2 layers transmission, it is obvious that the current RI requirement can not be applied to UE category 1. One thing which should be discussed is whether or not we need to verify that UE category 1 always transmits RANK1 and never transmits RANK2.
2.2. Coverage of transmission modes/scheme
As shown in Table 2, only transmission mode 1, 4, and 6 are covered, which means that the transmission diversity, LD-CDD and multiple user MIMO are not covered.

In the early RAN4 contributions, test case per transmission mode/scheme and reporting mode was proposed [3
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 \* MERGEFORMAT , 4]. But in order to minimize the number of test cases and meet the request of the priority given by the operators, the CSI requirements were defined according to the CSI reporting modes and the proper transmission mode was selected for a certain CSI requirement [5]. In order to align with that requirement, transmission mode 1 is also used for the other CQI requirements. And especially we notice that in [6] the transmission mode for the single codeword CQI definition test under AWGN was changed from mode 2 (transmission diversity) to mode 1 (single port).
In our view, most of CSI prediction algorithms are based on the effective SNR computing. These algorithms also comprise a number of other elements, such as CQI quantization, frequency-selective channel tracking, time-varying channel tracking and etc. It seems that the different transmission modes/schemes have more impact on the SNR per carrier/PRB computing and then the effective SNR computing than on the other function elements of CSI prediction. The purpose of the existing CQI test is to verify the capability of UE following the CQI definition, and tracking the fading channel and scheduling the preferred subband. So to some extend, the SNR computing is not very relevant to the test purpose. The existing requirements could ensure the basic capability of UE CSI measuring.
However, the advantage of define the requirement per transmission mode is to ensure the correct implementation of UE CSI measuring when different transmission modes/schemes are configured. But that would lead to the potential huge number of test cases, which means the large test cost.
Based on the above pros and cons analysis, it seems that there is no need to re-define the CSI requirements for every transmission modes in the current stage. But in order to ensure the correct implementation of CSI under all the transmission modes, we suggest adding a new sub-clause, e.g., CQI measurement implementation requirement. The detailed discussion is included in the other contribution [7].
3. Proposals
Based on the above thinking, we propose our solutions on the CSI requirement coverage issue for low category UE. The first proposal is:
Proposal 1: Explicitly indicate the UE categories for CQI, PMI and RI requirements in TS36.101;

3.1.1. CQI definition under AWGN−PUCCH 1-0
There could be several straightforward options to finalize this issue:
· Option 1: Set the test points at lower SNR to cover Category 1 UE in addition to the existing requirements (Retain the existing requirements under 10MHz);
· Option 2: Change the bandwidth from 10MHz to 5MHz or 3MHz only for Category 1 UE requirement, while retaining the existing requirements under 10MHz for other UE categories.
Comparing the two potions, Option 2 needs less modification and re-simulation than Option1. The only thing that we need to do would be to declare that 5MHz or 3MHz is used for Category 1 UE. So we prefer Option2.
Proposal 2: add a new requirement in the sub-clause of the CQI definition under AWGN−PUCCH 1-0 with lower bandwidth to cover Category 1 UE.

3.1.2. CQI frequency-non-selective PUCCH1-0

Compared to the CQI definition test, the reported CQIs in the test of the frequency-non-selective PUCCH 1-0 distribute more widely. So it could be very difficult to modify the SNR test points to cover Category 1 UE. So we resort to changing the bandwidth.
But as shown in Table 4, the TBS for 5MHz bandwidth would be beyond the support when CQI index is larger than 11. Since the span of reported CQI is very large, 5MHz could not be a good choice. We suggest using 3MHz as working assumptions as shown in Table 5, where only the last index is beyond the capability of Category 1 UE. And we suggest changing the value of 11064 to 9528 as it is done for the last item in Table A.4-3.
In the offline discussion, a good suggestion came from Ericsson, that is, compared with 3MHz the bandwidth of 5MHz is supported for all the operating bands. So 3MHz might be not suitable for this test. But if 5MHz is used, the high SNR point would not be used anymore. And if we changed the bandwidth of the whole test from 10MHz to 5MHz just for covering the Category 1 UE, maybe we would encounter some risks since the existing requirements have been discussed for so long time and no re-alignment of the simulate results are welcome. So we provide some tradeoff. We retain 10MHz for all the UE category for both UE CQI definition under AWGN PUCCH1-0 and CQI frequency-non-selective PUCCH1-0 and use 15PRB in the middle of the 10MHz bandwidth for Category 1 UE test. The existing requirements are unchanged.
In that way, firstly we do not touch the existing CQI requirement. Secondly, if we use 15 PRB within 10MHz, we can still have two test points for Cat1 UE, which could be a more stringent requirement than only using one test points and could cover more CQI indices. Thirdly, In the real world, CAT1 UE would be supposed to support demodulation of 10MHz PDCCH and maybe in most of time part of the whole bandwidth is scheduled for Category1 UE. Besides, to use the same bandwidth for all category might reduce the complexity of the test equipment.
For finalize this requirement, we need to do some link level simulation work.
Proposal 3: add a new requirement in the sub-clause of the CQI frequency –non-selective PUCCH1-0 using 15PRB in the middle of 10MHz to cover the Category 1 UE.
And maybe we need re-simulation for this and define new FRC for it.
3.1.3. Multiple PMI PUSCH1-2
It is clearly indicated in TS36.101 that the FRC.30 is used for the test case of the multiple PMI, which can only be applied to UE category from 2 to 5 as indicated by Table A.3.3.2.1-1 of TS36.101 920. So the low rate FRC would be needed. Since in Table A.3.3.2.1-1 of TS36.101 920, the TBS of 16QAM at 10MHz is beyond the capability of Category 1 UE too, we suggest
· Option 1: use QPSK@ 15MHz or 10MHz with PMI granularity 8PRB instead of 16QAM@ 20MHz, since the TBS of QPSK@ 20MHz is 10640 and beyond the Category 1 UE capability;
· Option 2: use 16QAM@ partial 10MHz with PMI granularity 6PRB (excluding one subband with size of 6PRB plus one subband with size of 2PRB on one edge of bandwidth and one subband with size of 6PRB on the other edge), in order to limit the TBS within a TTI;
· Option3: use 16QAM@ 5MHz with PMI granularity 4PRB instead of 16QAM@ 20MHz.
Maybe the typical scenario for multiple PMI is near the BS and of good frequency selective channel and a little high SNR. So the 16QAM is more relevant comparing to QPSK. 
For Option2, 6 subbands with size of 6 PRBs can be used as working assumption, while 6 subbands with size of 4 PRB and one subband with 1 PRB can be used for Option 3. The numbers of subbands are quite similar for both options. But since the larger bandwidth witnessed more frequency selective effect, Option 2 would be more preferred for the multiple PMI test.
Proposal 4: use 16QAM@ 36PRB 10MHz with PMI granularity 6PRB (excluding one subband with size of 6PRB plus one subband with size of 2PRB on one edge of bandwidth and one subband with size of 6PRB on the other edge) to cover low UE category.
And for this requirement we need re-simulation and define new FRC.
Moreover, from the demodulation performance perspective of PDSCH, the transmission mode 6 and transmission mode 4 with RI=1 behave quite similarly when the whole bandwidth is allocated to one user. So we think that the proposed Option3 and the existing PMI requirements under transmission mode 6, which is usually for far-way-from BS scenario, could cover the scenario under the transmission mode 4 with RI=1.
3.1.4. RI PUCCH1-1 (adding transmission mode 4 tests for Category 1 UE)
The RI test is used to confirm the UE rank adaptation ability. Although this requirement could not be directly applied to Category 1 UE without supporting the two-layer transmission, there are still some concerns on whether or not we should confirm the RI behavior of the Category 1 UE, that is, Category 1 UE is supposed to always report RI=1 and never RI=2 when transmission mode 4 is configured.
From the vendor standpoint, since the Category 1 UE could not support the multiple layer transmission, there would be a simple way to handle the RI reporting issue of low category UE to make sure no RI=2 reporting when the transmission mode 4 is configured. So there might be no need to add a new test from the view of point of minimizing the number of test cases.
But there may still be some concern on this from companies. The key idea here is to add a transmission mode 4 test for Category 1 UE. And the rationale behind this is that when the Category 1 UE is configured to transmission mode 4, there would be no existing requirement to guarantee UE not to report RI≠1, which maybe leads to some mistake. We agree that when network know the UE capability it seemed that no unexpected thing would happened. But before eNB has the knowledge of UE capability, some requirements would be needed to ensure the correct behavior of Category1 UE. Besides, eNB would not change transmission modes based on UE categories in normal implementation, i.e. the tranmission mode would be cell specific, instead of UE specific.

Take an 'extreme' example. When Category 1 UE is configured to Transmission mode 4/3, which might happen at the initial process of communication, it would be expected that Category 1 UE was able to always report RI=1. But maybe there are some poor Category 1 UEs which might not support the transmission mode 4/3 and not report RI at all. 
In order to make sure that LTE system always have good performance, we suggest adding a new test. It is most important that RAN4 should ensure that Cat1 UE had correct behavior in any time and with any transmission mode.
So we suggest a simple requirement for this:
Proposal 5: for Category 1 UE, add a requirement@ 3MHz with the TBS as shown in Table 5 to ensure that UE never report RI=2.
4. Conclusions
Since UE category 1 should support all the transmission modes and in order to make sure that the Category 1 UE should perform correctly and well, we re-evaluate the coverage of the existing CSI requirement with respect to UE category1 and transmission modes. The observations are summarized as following:

· Some CSI test could not cover UE category1, such as CQI definition under AWGN PUCCH1-0 test, CQI frequency-non-selective PUCCH1-0 test, and Multiple PMI test. The RI test might need to be perfected;
· It would be common understanding in RAN WGs that Category 1 UE should support all the transmission modes. In our view, the first thing might be to add some new requirements to cover Category 1 UE CSI performance with the minimum modification of the existing specification. To some extend, the existing requirements can ensure the basic ability for all the UE categories. But if it is agreed that we should make sure the correct implementation for CSI under different transmission modes/schemes, a new sub-clause dedicated is suggested to be added, named as CQI implementation under different transmission modes.
We propose that (which is included in our corresponding CRs)
· Proposal 1: Explicitly indicate the UE categories for CQI, PMI and RI requirements in TS36.101;
· Proposal 2: add a new requirement in the sub-clause of the CQI definition under AWGN−PUCCH 1-0 using 15PRB in the middle of 10MHz to cover Category 1 UE.
· Proposal 3: add a new requirement in the sub-clause of the CQI frequency –non-selective PUCCH1-0 using 15PRB in the middle of 10MHz to cover the Category 1 UE.
· Proposal 4: use 16QAM@ 36PRB 10MHz with PMI granularity 6PRB (excluding one subband with size of 6PRB plus one subband with size of 2PRB on one edge of bandwidth and one subband with size of 6PRB on the other edge) to cover low UE category.
· Proposal 5: for Category 1 UE, add a requirement@ 15PRB in the middle of 10MHz with the TBS as shown in Table 5 to ensure that UE never report RI=2, which would be a simple way to add a transmission mode4 test for Category 1 UE.
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