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1
Introduction
To improve the test coverage of the Low UE category, tests have been introduced for category 1 UE. In this contribution, we discuss some problems in the Reference measurement channel configuration for TDD UE-specific RS  tests, including tests for port 5 (DRS) and port 7/8 (DM-RS) which were introduced in [1] and [2] respectively.
2 Discussion
2.1 General Description of the problems
The general method of defining tests for low ue category is setting up RMC-s with lower data rate by using smaller channel BW or allocating only partially. Thus making it applicable for lower categories. When partial allocation scheme is used, the actual allocated RB number is usually chosen to make the maximum information payload in a subframe achieve the maximum capability of this category (10296 bits) while keeping other parametes such as target coding rate unchanged. These principles were kept while develping test cases for TDD UE-specfic RS both for port 5 and port 7/8.
However, there are other limiting factors that were not fully taken into account yet. The resource allocation schemes in physical layer specfications imposed ceratin limitions in the resource allocations, making some current tests in [1]&[2] could not be signalled. These problems were actually quite similar to the problems while introducing the Release 8 DRS tests analyzed in [3].

2.2 Similar Analysis for DRS R8 tests
We can analyze the problems by briefly reviewing [3], in which RMCs for TDD DRS R8 tests were revised. Originally, only 72 subcarriers in the bandwidth center (6 PRBs for 10MHz BW) in subframe 0 were excluded to avoid collision with PBCH for port 5. This was demonstrated in section 7.1 of [4], frame structure type2 has the following limitations of resource allocation: 

For frame structure type 2,

· …
· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of PBCH in the same subframe;

· …
In addition, the analysis showed that only Format 1, Type0 allocation could be used in these tests, which requires a resource allocation granularity of 3RBs for a DL BW =10MHz as required in [4]. In fact, PDCCH DCI Format1 was already used for in RAN5 for the test of port 5 as in section 8.3.2.1 of [5].
Table 7.1.6.1-1: Type 0 Resource Allocation RBG Size vs. Downlink System Bandwidth

	System Bandwidth
	RBG Size
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	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


Since the RBGs are counted from the lowest numbered RB, the original 22RB + 22RB allocation cannot be signaled. The final solution in the spec is slightly modify the allocation scheme as in the following Note 4 in the FRC table: 
Note 4:     For R.25, R.26 and R.27, 50 resource blocks are allocated in sub-frames 1–9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.
This enabled the signaling comply the 3RB granularity for the first batch of scheduled RBs and non-scheduled RBs.
2.3 Current Category 1 Tests Analysis

In this section we will discuss the RMCs introduced for category 1 UE in the TDD UE specific RS tests one by one.
2.3.1 DRS (Port 5, TM7)

The limitations imposed by physical layer specs are generally the same to previously discussed in [3] and only Format 1, Type0 allocation could be used. 
For the testing of DRS category 1 UE, two new RMCs were introduded namely R.26-1 and R.27-1. 
(1) R.26-1:

For R.26-1, the total transmission bandwidth is reduced from 10MHz to 5MHz and a 25RB allocation scheme is used. . However, the current R.26-1 RMC still have a 9 unscheduled PRBs in the middle of the bandwidth for subframe 0 as specified in note4 of [1]:
Note 4:     For R.25, R.26 and R.27, 50 resource blocks are allocated in sub-frames 1–9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.  For R.26-1, 25 resouce blocks are allocated in sub-frames 1–9 and 16 resource blocks (RB0–RB7 and RB17–RB24) are allocated in sub-frame 0.
According to Table 7.1.6.1-1 in [4] which is also listed in section 3.2, the RBG Size should be 2 for this configuration. This means that it is impossible to signal the 9 consecutive unscheduled PRBs in the center, making the current RMCs untestable.

To fix this problem, we suggest to revise the partial allocation PRB numbers. Since the 72 sub-carriers in the center occupied by PBCH covered 7 PRBs (RB9 – RB15) for 5MHz BW according to 6.6.4 of [6], we suggest not scheduling 8 PRBs in the center for subframe 0, that is to say RB0-RB7 and RB16-RB24 are allocated. This will ensure the testability and maximize the allocated PRB numbers.
Proposal for R.26-1: Revise the allocation for subframe 0 from 16PRB to 17 PRB (RB0-RB7 and RB16-RB24).
This will ensure the testability and the RMCs for other subframes need not be changed.

Since the impact of this revision to the requirements should be negligible, the minimum performance requirements could left unchanged without simulation.
(2) R.27-1:

For R.27-1, the system BW is still 10MHz. Since the allocated PRB number is 18, which could be divided by 3, and localized allocation started from RB #0, current RMCs should be testable. In this RMC, only RB0-RB17 are allocated and there will be no collision problem with PBCH.
Proposal for R.27-1: This RMC need not be revised.
2.3.2 DM-RS (Port 7/8, TM8)

The rational of tests for low category for DM-RS is similar to R8 DRS. Apart from using 2 CRS port rather than one and the use of DM-RS, the RMCs used for dual-layer BF in Release 9 also have some other differences compared to Release 8 DRS. 
The first problem we consider here is in what resources should be avoided from PDSCH scheduling. This was demonstrated in section 7.1 of [4], frame structure type2 has the following limitations of resource allocation for port 7/8:
For frame structure type 2,

· …
· the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 or 8 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of primary or secondary synchronisation signals in the same subframe;
There are no collision limitation of PBCH for antenna port 7 or 8, however, the collision with PSS in subframe 1&6 and SSS in subframe 0&5 should be avoided. Since subframe 5 is already not scheduled to enable SIBs transmission in in the tests as discussed in [7], only subfame 0/1/6 should be taken into account. Based on the resource allocation scheme in [6] for PSS/SSS, we can see that those signals were located in centre 6 or 7 PRBs depending on the system BW, thus there should be no scheduled data in these PRBs.
The second problem should be discussed is the possible resource allocation granuality. Acoording to the table 7.1-6 in [4], when using port 7/8, only DCI format 2B could be used when configured by C-RNTI. This is already approved in RAN5#50 as [8] and written into [5]. The use of SPS C-RNTI is not considered.
Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

	Transmission mode
	DCI format
	Search Space
	Transmission scheme of PDSCH corresponding to PDCCH

	Mode 1
	DCI format 1A
	Common and

UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)


	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port, port 0 (see subclause 7.1.1)

	……

	Mode 7
	DCI format 1A
	Common and

UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 1
	UE specific by C-RNTI
	Single-antenna port; port 5 (see subclause 7.1.1)

	Mode 8
	DCI format 1A
	Common and
UE specific by C-RNTI
	If the number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see subclause 7.1.1), otherwise Transmit diversity (see subclause 7.1.2)

	
	DCI format 2B
	UE specific by C-RNTI
	Dual layer transmission; port 7 and 8 (see subclause 7.1.5A) or single-antenna port; port 7 or 8 (see subclause 7.1.1)


According to 5.3.3.1.5B in [9], only type 0 and type 1 were supported for DCI format 2B, while only type 0 is applicable as discussed in [3]. So, the Type 0 Resource Allocation RBG Size table in section 3.2 is also applicable here. 
There are two new cases were added for DLBF category 1 UE, R.32-1 and R.33-1. We discuss them respectively.

(1) R.32-1

For R.32-1, the total transmission bandwidth is reduced from 10MHz to 5MHz and a 25RB allocation scheme is used. According to the discussion before, In order to avoid collision of PSS/SSS, no PDSCH should be scheduled in the center 72 subcarriers of subfame 0/1/6. For 5MHz BW, this centre 72 subcarriers covered 7PRB (RB9 – RB15).

However, the current R.32-1 RMC still have a 9 unscheduled PRBs in the middle of the bandwidth for subframe 0 as specified in note4 of [2]:

Note 4: 
For R.31, R.32, R.33and R.34, 50 resource blocks are allocated in sub-frames 4,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1,6. For R.32-1, 25 resouce blocks are allocated in sub-frames 4,9 and 16 resource blocks (RB0–RB7 and RB17–RB24) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1, 6.
Since only DCI format 2B, type0 configuration is applicable here and the RBG Size should be 2 according to Table 7.1.6.1-1 in [4]. This means that it is impossible to signal the 9 consecutive unscheduled PRBs in the center, making the current RMCs untestable. We have the following proposal:
Proposal for R.32-1: Revise the allocation for subframe 0&1&6 from 16PRB to 17 PRB (RB0-RB7 and RB16-RB24).

This will ensure the testability and the RMCs for other subframes need not be changed.
(2) R.33-1

The problem here is the initial allocated resource blocks numbers. Since only DCI format 2B, type0 is possible, the RBG Size in this 10MHz BW should be 3. This makes originally proposed 19 consecutive PRB allocations impossible in this test as 19 could not be divided by 3.
Though the problem is clear, how to revise this is a little bit complicated. 
As discussed in section 3.1, when partial allocation scheme is used, the actual allocated RB number is usually chosen to make the maximum information payload in a subframe achieve the maximum capability of this category (10296 bits) while keeping other parametes such as target coding rate unchanged. The category table could be found in Talbe 4.1-1 in [10].
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


Currently, all the partial allocation test cases for low UE category in 36.101 satisfy this unwritten rule. However, they are generally used in other transmission modes other than 7/8 that have much less limitation in resource allocation. For example, in Table A.3.3.1-3a of 36.101, various allocation PRB numbers such as 17 and 18 were used for category 1. This will enable coding rate be satisfied under the condition of 10296 information payload for ordinary subframes and it is testable since DCI format 1A, type2 configuration could be used. In fact, the current 19PRB allocation in R.32-1 were defined based on the information payload of 10296 and 3/4 coding rate.
Since now it is impossible for this test to allocate resource to satisfy 10296 and 3/4 coding rate simultaneously. Some possible way forwards were given below:

Option 1(R.33-1): Sticking to the 3/4 coding rate and decreasing the allocation resource number from 19 to 18.
This will make the RMC testable since 18 could be divided by 3 and satisfy the RBG Size of 3. However, this will the information bit payload smaller than 10296, thus didn’t make the category 1 UE reach its peak capacity, breaking an unwritten rule.

Since further reduce resource allocation will exacerbate the problem, an allocation number smaller than 18 is meaningless. In addition, increasing the allocation number larger than 19 is also not possible, since this will make the information payload exceed the capability of category1.
Furthermore, it is possible that only a few simulations for verification would be needed and reusing current requirements for high categories is possible.

Option 2(R.33-1): Sticking to the information payload of 10296 and revise the target coding rate to a slightly different value than 3/4. The resource allocation also need to be revised to a viable number satisfying RBG number of 3.
This will also make the RMC testable and enable to category 1 UE reaches its peak capacity in normal subframes. However, this will deviate from original selected target coding rate which is an important factor in the test coverage selection. 

In addition, more simulation will be needed and reusing current requirements for higher categories is almost impossible.
Generally, we feel that option 1 is more attractive since it has not only smaller deviation from original testing purpose, but also less simulation workload. In addition, the full capacity of 10296bits should be already sufficiently tested in other tests for category 1 UE.
Proposal for R.33-1: Adopt Option 1 as a way forward. 

3 Conclusion
In this contribution, some problems in the Reference measurement channel configuration for TDD UE-specific RS  tests, including tests for port 5 (DRS) and port 7/8 (DM-RS). The following proposals were given:
Proposal for R.26-1: Revise the allocation for subframe 0 from 16PRB to 17 PRB (RB0-RB7 and RB16-RB24).
Proposal for R.27-1: This RMC need not be revised.
Proposal for R.32-1: Revise the allocation for subframe 0&1&6 from 16PRB to 17 PRB (RB0-RB7 and RB16-RB24).

Proposal for R.33-1: Adopt Option 1 as a way forward. 

Option 1(R.33-1): Sticking to the 3/4 coding rate and decreasing the allocation resource number from 19 to 18.
Option 2(R.33-1): Sticking to the information payload of 10296 and revise the target coding rate to a slightly different value than 3/4. The resource allocation is also need to be revised to a viable number satisfying RBG number of 3.
A Text proposal based on the proposals above is provided in the Annex and requirements for the higher categories could be able to be reused based on these RMC revisions. Separate CRs were also provided in [11]&[12].
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Annex Text Proposal for 36.101 V9.7.1
A.3.4.3
Reference Measurement Channels for UE-Specific Reference Symbols
A.3.4.3.1
Single antenna port (Cell Specific)

The reference measurement channels in Table A.3.4.3.1-1 apply for verifying demodulation performance for UE-specific reference symbols with one cell-specific antenna port.
Table A.3.4.3.1-1: Fixed Reference Channel for DRS

	Parameter
	Unit
	Value

	Reference channel
	
	R.25 TDD
	R.26 TDD
	R.26-1 TDD
	R.27 TDD
	R.27-1

TDD
	R.28 TDD

	Channel bandwidth
	MHz
	10
	10
	5
	10
	10
	10

	Allocated resource blocks
	
	50 4
	50 4
	25 4
	50 4
	18 6
	1

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

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

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

	Target Coding Rate
	
	1/3
	1/2
	1/2
	3/4
	3/4
	1/2

	Information Bit Payload
	
	
	
	
	
	
	

	  For Sub-Frames 4,9
	Bits
	4392
	12960
	5736
	28336
	10296
	224

	  For Sub-Frames 1,6
	Bits
	3240
	9528
	4584
	22920
	8248
	176

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

	  For Sub-Frame 0
	Bits
	2984
	9528
	3880
	22152
	10296
	224

	Number of Code Blocks per Sub-Frame
(Note 5)
	
	
	
	
	
	
	

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

	  For Sub-Frames 1,6
	
	1
	2
	1
	4
	2
	1

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

	  For Sub-Frame 0
	
	1
	2
	1
	4
	2
	1

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12600
	25200
	11400
	37800
	13608
	504

	  For Sub-Frames 1,6
	Bits
	10356
	20712
	10212
	31068
	11340
	420

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

	  For Sub-Frame 0
	Bits
	10332
	20664
	7752
	30996
	13608
	504

	Max. Throughput averaged over 1 frame
	Mbps
	1.825
	5.450
	2.452
	12.466
	4.738
	0.102

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

	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:     For R.25, R.26 and R.27, 50 resource blocks are allocated in sub-frames 1–9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0.  For R.26-1, 25 resource blocks are allocated in sub-frames 1–9 and 17 resource blocks (RB0–RB7 and RB16–RB24) are allocated in sub-frame 0.
Note 5:      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). 
Note 6:      Localized allocation started from RB #0 is applied.


A.3.4.3.2
Two antenna ports (Cell Specific)

The reference measurement channels in Table A.3.4.3.2-1 apply for verifying demodulation performance for CDM-multiplexed UE specific reference symbols with two cell-specific antenna ports.

Table A.3.4.3.2-1: Fixed Reference Channel for CDM-multiplexed DM RS

	Reference channel
	
	R.31 TDD
	R.32 TDD
	R.32-1 TDD
	R.33 TDD
	R.33-1

TDD
	R.34 
TDD
	

	Channel bandwidth
	MHz
	10
	10
	5
	10
	10
	10
	

	Allocated resource blocks
	
	50 4
	50 4
	[25 4]
	50 4
	[18] 6
	50 4
	

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

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

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

	Target Coding Rate
	
	1/3
	1/2
	1/2
	3/4
	3/4
	1/2
	

	Information Bit Payload
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	3624
	11448
	[5736]
	27376
	[9528]
	18336
	

	  For Sub-Frames 1,6
	
	2664
	7736
	[3112]
	16992
	[7480]
	11832
	

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

	  For Sub-Frame 0
	Bits
	2984
	9528
	[3496]
	22152
	[9528]
	14688
	

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

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

	  For Sub-Frames 1,6
	
	1
	2
	1
	3
	2
	2
	

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

	  For Sub-Frame 0
	
	1
	2
	1
	4
	2
	3
	

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	
	
	

	  For Sub-Frames 4,9 
	Bits
	12000
	24000
	[10800]
	36000
	[12960]
	36000
	

	  For Sub-Frames 1,6
	
	7872
	15744
	[6528]
	23616
	[10368]
	23616
	

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

	  For Sub-Frame 0
	Bits
	9840
	19680
	[7344]
	29520
	[12960]
	29520
	

	Max. Throughput averaged over 1 frame
	Mbps
	1.556
	4.79
	[2.119]
	11.089
	[4.354]
	7.502
	

	UE Category
	
	1-5
	2-5
	1
	2-5
	1
	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: 
For R.31, R.32, R.33and R.34, 50 resource blocks are allocated in sub-frames 4,9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1,6. For R.32-1, 25 resource blocks are allocated in sub-frames 4,9 and 17 resource blocks (RB0–RB7 and RB16–RB24) are allocated in sub-frame 0 and the DwPTS portion of sub-frames 1, 6.
Note 5: 
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)
Note 6:      Localized allocation started from RB #0 is applied. 
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