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1. Introduction

In the last RAN4 meeting, the issues about CSI requirements for low UE category were discussed. Firstly, because the TB sizes indicated by the CQI may be beyond the capability of the Category 1 UE, three existing CSI requirements were identified not to be feasible for Category 1 UE:

· CQI definition under AWGN PUCCH 1-0, 
· Frequency-non-selective PUCCH 1-0, 

· Multiple PMI PUSCH 1-2.
And a solution using the partial PRB allocations was suggested.
Secondly, for RI PUCCH 1-1 an especial requirement would be needed to verify that Category 1 UE should support transmission mode 3/4, which could help ensuring the good mobility and access performance of the network when Category 1 UE was involved. One solution was defining a requirement in RAN4, but the other was defining a test in RAN5. After offline discussion, an LS sent out to RAN5 was recommended but not approved because there was a still concern on the RAN1 offline conclusion that all the UE categories should support all the transmission modes.
In this contribution, firstly we give the improved solutions and the CSI simulation results using partial PRB to show that the existing requirements could be used for Category 1 UE, except for some modification of working assumptions. Secondly, the RI tests with transmission mode 3/4 for the Category 1 UE are proposed as a way forward. And an LS to RAN1 and CC to RAN5/2 is suggested in order to obtain the official confirmation from RAN1.
2. Discussion
2.1. Improved CSI requirements for Category 1 UE
2.1.1. CQI definition PUCCH 1-0 and Frequency-non-selective PUCCH 1-0
The remaining issues are how to partially allocate the PRBs and whether the existing requirement can be used. According to TS36.213, all the TB sizes for NPRB = 14 are less than or equal to 10296 for all the ITBS, which is the boundary. When NPRB = 15 or 16, only the largest TB size is larger than 10296. Considering that the largest TB size would seldom be used in CQI definition test, NPRB = 14, 15 and 16 all could be used. Furthermore, due to small spread of CQI reported, some NPRB more than 16 could also be used. But we notice that the same beyond TB size problem happens to frequency non-selective PUCCH 1-0 test case, for which there is a much larger spread of CQI reporting. So to get the consistent and simple solutions for all the low category CSI requirements, we propose not to use more than 16 PRBs as the assumption.
The transmission mode for this test is one. Thus the PDCCH DCI format is format 1A or format 1, which corresponds to Type 2 or Type 0/1 resource allocation. If Type 0 resource allocation was assumed, only multiple of RBG resource could be allocated. Since for bandwidth 10MHz the RBG size is 3 PRBs, only 15 PRB would be feasible for Type 0. And because there is no restriction on the resource type used for test, the 15 PRB partial allocations would be a good choice.
The results for PUCCH1-0 AWGN requirements are given in Table1-2 and the results for PUCCH1-0 frequency-non-selective are given in Figure 1 to Figure 2. The existing requirements would be feasible for partial PRB tests no matter where the PRBs are located.
Regarding the location of 15 PRB, PRBs around the center of 10MHz bandwidth is recommended. Firstly, if Type1 resource allocation was used, one edge of bandwidth would not be allocated. Secondly, the results for frequency-non-selective PUCCH1-0 are shown in Figure 1 and Figure 2. As we can see that the performance of center allocation approaches the existing requirements better than that for edge allocation.
Therefore, for simplicity the continuous PRB partial allocation from the 18th PRB (beginning from the lower edge of bandwidth) to the 32nd PRB within the 10MHz bandwidth is suggested for the Category 1 UE CQI requirements of CQI definition PUCCH 1-0 and frequency-non-selective PUCCH 1-0.
Table 1: BLER results for CQI PUCCH1-0 AWGN test when edge allocation is used
	
	CQI index distribution

	SNR (dB)
	-2
	-1
	0
	1
	2

	0
	0
	0
	<10%
	>10%
	>10%

	1
	0
	0
	<10%
	>10%
	>10%

	6
	0
	0
	<10%
	>10%
	>10%

	7
	0
	0
	>10%
	>10%
	>10%


Table 2: BLER results for CQI PUCCH1-0 AWGN test when center allocation is used
	
	CQI index distribution

	SNR (dB)
	-2
	-1
	0
	1
	2

	0
	0
	0
	<10%
	>10%
	>10%

	1
	0
	0
	<10%
	>10%
	>10%

	6
	0
	0
	<10%
	>10%
	>10%

	7
	0
	0
	>10%
	>10%
	>10%
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Figure 1 Relative throughput gain for 15PRB partial allocation @10MHz
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Figure 2 BLER for 15PRB partial allocation @10MHz
2.1.2. Multiple PMI PUSCH 1-2

Regarding the multiple PMI PUSCH 1-2 requirement, transmission mode 6 is assumed, which means that DCI format 1B and Type 2 resource allocation are used. For simplicity, the localized resource allocation is preferred, which leads to the continuous resource allocation. If the MCS of 1/2 16QAM is retained, the maximum PRB number allowed by Category 1 UE would be 40 PRBs. 
For simplicity the continuous PRB partial allocation within the 10MHz bandwidth, excluding 4 PRBs on one band edge and 6 PRBs on the other, is suggested for the Category 1 UE multiple PMI PUSCH 1-2 requirements.
The simulation results are given in Figure 3. As we can see, there is no large gap between partial PRB allocation case and full bandwidth allocation cases. So we propose to use the existing multiple PMI requirements for Category 1 UE test case.
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Figure 3 Relative throughput gain for Multiple PMI test case

2.2. RI tests for Category 1 UE with transmission mode 3/4
Regarding RI tests, the most important is to verify that Category 1 UE should behave correctly and well when configured to transmission mode 3/4. In [1] we proposed to define a requirement in RAN4. But the comment on this is that the proposed requirement is quite like a function requirement instead of a performance requirement. In [2], it was recommended to verify this by a SIG test case in TS 36.523-1 rather than covering it by a RF test in TS 36.101 and The RI reporting accuracy test applies to Category 2-5. But the LS to RAN5 was not approved since there were some concern from RAN4 group on the RAN1 offline conclusion that all the UE categories should support all the transmission modes. So in this meeting an LS to RAN1 and CC to RAN5/2 is prepared to ask RAN1 to confirm their conclusion.
There would be some arguments for the advantages of that all the UE categories should support all the transmission modes. Although it might be the RAN1’s issue, we want to briefly state the possible advantages:
· Firstly, configuring Category 1 UE to transmission mode 4 instead of transmission mode 6 would bring some the flexibility of the frequency scheduling, since resource allocation type 0 is better than resource allocation type 2.
· Secondly, it would bring some benefits for random access process and roaming process, even if lower cat UE is not allowed by an operator. And some unwanted delay to find out the UE category before starting transmission would be avoided.
· Thirdly, maybe we should ensure that Category 1 UE behave correctly for transmission mode3/4 and try to avoid some uncertain risk for the LTE system.
Therefore, we suggest sending an LS to RAN1 and RAN5.
As for the solution to this issue, it would be a good idea to define the requirement in RAN5. But the first thing for RAN5 to define some tests is to get the reference from RAN1/2/3/4 core specification as the basis. If RAN1 response was that some text of RAN1 core specification implies that all the UE categories should support all the transmission modes, RAN5 might not obtain the concrete reference as a starting point. If that is the case, maybe we still need a requirement in RAN4, which ensures that Category 1 UE should always report RI =1 when configured to transmission mode 3/4.
2.3. How to indicate UE Category explicitly
In the last RAN4 meeting, there are two kinds of way to explicitly indicate the applicable UE category for each CSI requirement. In [1] UE category was viewed as a test parameter and indicated in the working assumption tables as shown in Figure 4, while in [2] it was thought that UE category should be indicated just where the requirement values are as shown in Figure 5. The comment for our expression way is that the UE categories for low category demodulation were indicated in the requirement table as shown in Figure 6.
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Figure 4 Sample of expression way in [1]
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Figure 5 Sample of the expression way in [2]
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Figure 6 Sample of indication of UE category for demodulation requirements
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Figure 7 Sample of indication of UE category in the parameter table
But firstly we notice in Table 8.2.1.1.4-2 of TS36.101 that some items such as bandwidth are put in the requirement table together with UE category indicator. However, in Table 9.2.2.2-1 of TS36.101, the bandwidth is put in the parameter table. So we would also look UE category as a parameter and put it in the parameter table just as for “bandwidth” item. How to indicate explicitly would be quite flexible.
Secondly, as shown in Figure 7 (Table A.2.2.2.1-1 of TS36.101), the UE category indicator is put in the parameter table, although it is only for FRC.
Thirdly, for some CSI requirements such as PUCCH1-0 AWGN, there are no requirement tables as shown in Figure 6. By using the way given in [1], we can get a quite consistent and clear idea of what UE category should be used for a CSI requirement.
Therefore, we propose to view UE category indicator as a parameter and put it in the parameter table.
3. Conclusions
The simulation results verify that the existing requirements could be used for Category 1 UE and improved working assumptions are proposed in this contribution. The corresponding CRs are also proposed. An LS to RAN1 and CC to RAN5/2 are suggested to obtain the formal confirmation that all the UE categories should support all the transmission modes from RAN1.
We propose:
· Using 15 PRB partial allocation with 10MHz bandwidth as the simulation assumptions for Category1 UE PUCCH1-0 AWGN and frequency-non-selective tests, and re-use the existing requirements for UE Category1;
· Using 40 PRB partial allocation with 10MHz bandwidth as the simulation assumptions for Category 1 UE multiple PMI test and re-use the existing requirements;
· Need to define the requirements for Category 1 UE under transmission mode 3/4 maybe in RAN5 and send an LS to RAN1 and CC to RAN5. As for Category 2-5, since there is still a large spread for RI test simulation results for transmission mode 4 and the test method is a little non-receiver agnostic, we propose to postpone the discussion about the transmission mode 3 test until we get a good RI requirement with transmission mode 4.
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