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1. Background

There is a contribution [1] that DwPTS configuration (3:9:2) is not most efficient resource usage. Extending DwPTS from 3OS to 6OS not only keeps coexistence to legacy TDD system, but also utilizes downlink resource as much as possible. An LS is sent to RAN on how to handle additional special subframe configuration for E-UTRA TDD in Rel-11[2]. In RAN#54, it is concluded that a new small WI proposal which handles the relevant work for all WGs to be provided for RAN #55, WI will be part of prioritization discussion but as it is considered to be a small issue it is likely that the WI will be approved at RAN #55[3]. For RAN#55, the WID is approved in [4].
This contribution discusses relevant aspects to touch the design on adding special subframe configuration.

2. Motivation

The motivation on adding one special subframe configuration comes from co-existence scenario between LTE TDD and TD-SCDMA. 
(1) Co-existence scenario between LTE TDD and TD-SCDMA

So far, 4DL + 2UL + Special subframe is used in TD-SCDMA network in

· F: 1880-1920  MHz

· A: 2010-2025  MHz

The co-existence problem shall be taken into account when another TDD system, a.k.a LTE TDD is deployed in either F, A or E.
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Figure 1. TD-SCDMA spectrum usage in China

(2) LTE TDD UL-DL Configuration and DwPTS configuration in order to avoid interference from/to TD-SCDMA

TD-SCDMA frame structure is different to LTE TDD. It uses 675us subframe duration. Thus, the LTE TDD UL/DL configuration and dwPTS configuration is limited in order to avoid interference from/to TD-SCDMA system in the same band. 

One example for LTE TDD and TD-SCDMA coexistence is as follows in Figure 2. For TD-SCDMA configuration 5DL/2DL, the special subframe configuration satisfy co-existent requirement will be (DwPTS:GP:UpPTS) = (3:9:2).  Note that TD-SCDMA configuration 5DL/2DL is widely used in the current network. 
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Figure 2 TD-SCDMA and LTE TDD co-existence (normal cyclix prefix)
However, (3:9:2) is not most efficient resource usage. Extending DwPTS from 3OS to 6OS not only keeps coexistence to legacy TDD system, but also utilizes downlink resource as much as possible. Therefore, it is proposed that configure special subframe (DwPTS:GP:UpPTS) = (6:6:2)  for normal CP in downlink in addition to the current special subframe configuration for Rel-11 UE.

For extended CP in downlink, (DwPTS:GP:UpPTS) = (5:5:2) is the corresponding special subframe configuration which is co-existence with TD-SCDMA system.
3. Specification and implementation impact to Rel-11 UE 

New special subframe configuration

The following special subframe configuration is added (Table 1).

· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2) for normal CP in downlink respective ly.
· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 7 is added (DwPTS:GP:UpPTS) =(5:5:2) for extended CP in downlink respective ly.
Table 1 special subframe configuration in Rel-11
	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in  uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink

	0
	
[image: image3.wmf]s

6592

T

×


	
[image: image4.wmf]s

2192

T

×



	
[image: image5.wmf]s

2560

T

×


	
[image: image6.wmf]s

7680

T

×


	
[image: image7.wmf]s

2192

T

×


	
[image: image8.wmf]s

2560

T

×



	1
	
[image: image9.wmf]s

19760

T

×


	
	
	
[image: image10.wmf]s

20480

T

×


	
	

	2
	
[image: image11.wmf]s

21952

T

×


	
	
	
[image: image12.wmf]s

23040

T

×


	
	

	3
	
[image: image13.wmf]s

24144

T

×


	
	
	
[image: image14.wmf]s

25600

T

×


	
	

	4
	
[image: image15.wmf]s

26336

T

×


	
	
	
[image: image16.wmf]s

7680

T

×


	
[image: image17.wmf]s

4384

T

×


	
[image: image18.wmf]s

5120

T

×



	5
	
[image: image19.wmf]s

6592

T

×


	
[image: image20.wmf]s

4384

T

×


	
[image: image21.wmf]s

5120

T

×


	
[image: image22.wmf]s

20480

T

×


	
	

	6
	
[image: image23.wmf]s

19760

T

×


	
	
	
[image: image24.wmf]s

23040

T

×


	
	

	7
	
[image: image25.wmf]s

21952

T

×


	
	
	
[image: image26.wmf]s

12800

T

×


	
[image: image27.wmf]s

4384

T

×


	
[image: image28.wmf]s

5120

T

×



	8
	
[image: image29.wmf]s

24144

T

×


	
	
	-
	-
	-

	9
	
[image: image30.wmf]s

13168

T

×


	
[image: image31.wmf]s

4384

T

×


	
[image: image32.wmf]s

5120

T

×


	-
	-
	-


Proposal 1: Update Table 4.2-1 in TS36.211 with adding new special subframe configuration

· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2) for normal CP in downlink respective ly.
· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 7 is added (DwPTS:GP:UpPTS) =(5:5:2) for extended CP in downlink respective ly.
Impact to TBS determination

According to the TS36.213, If the transport block is transmitted in DwPTS of the special subframe in frame structure type 2, then set the TBS table (7.1.7.2.1-1) column indicator 
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, where the scaling factor R = 0.75. Note PDSCH in DwPTS spans 7-10 OFDM symbols. 
Considering DwPTS spans 6 OFDM symbols, it shall be investigated whether TBS optimization is necessary to improve the problem of low granularity of the TBS table in special subframe, i.e., defining a new scaling factor.

Table A-1 calculates the code rate for each MCS index and PRB number according to the current TBS table which is defined in table (7.1.7.2.1-1) in TS36.213. It is assumed that DwPTS spans 6 OFDM symbols, 2 CRS ports，PDCCH spans 2 OFDM symbols, the scaling factor equals to 0.75. 
Considering UE may skip decoding a transport block in an initial transmission when the code rate is greater than 0.93, there are few 64QAM MCS index available for the UE. Another alternative scaling factor 0.5 is used to test the availability for more MCS index for 64QAM. Table A-2 shows the results for scaling factor 0.5. The new scaling factor largely increases the MCS granularity for 64QAM.

However, the new scaling factor may affects implementation algorithms, e.g., link adaptation algorithms. It may be some impact to the performance. This could be further clarified.

Proposal 2: Support 64QAM transmission in DwPTS for the additional special subframe configuration.
Implementation impact to reference signal

Current Rel-8 specification reduces number of CRS strips in special subframe. 

For normal cyclic prefix, when CRS is configured 2 antenna port,

· For DwPTS = {12} OS, 4-strip CRS can be used.

· For DwPTS = {9,10,11} OS, 3-strip CRS can be used.

· For DwPTS = {3} OS, 1-strip can be used.

According to CRS pattern defined in 36.211, for DwPTS = {6} OS, 2-strip is available. 

For extended cyclic prefix, when CRS is configured 2 antenna port,

· For DwPTS = {10} OS, 4-strip CRS can be used.

· For DwPTS = {8,9} OS, 3-strip CRS can be used.

· For DwPTS = {3} OS, 1-strip can be used.

According to CRS pattern defined in 36.211, for DwPTS = {5} OS, 2-strip is available. 

If DwPTS is configured for the additional special subframe configuration, reusing legacy DMRS pattern for DwPTS is challenging from performance perspective. Since DMRS RE density is less than other subframe, the performance will be slightly degraded when time-domain channel variant is large. Limiting transmission layers to 4 is necessary for 1-strip DMRS. 
Possible Impact on signaling aspect on RAN2
For RAN2, the special subframe configuration is signalled form eNB to UE through broadcast or dedicated RRC message when UE updating system information, performing handover or adding SCell. In current specification, special subframe configuration is conveyed in the IE specialSubframePatterns. Unfortunately it doesn’t have any more room for indicating new special subframe configurations. So we propose RAN2 to define new IE for conveying the additional special subframe configuration.  
Proposal 3: Define new IE for conveying the additional special subframe configuration.

Possible Impact on RAN3

For RAN3, the special subframe pattern should be transmitted in X2 signaling when X2 is established and updated between different eNBs. In this case, the eNB could understand the special subframe configuration better for TDD interference coordination. In current specification, this pattern is defined and transmitted via Served Cell Information in X2 Setup Request, X2 Setup Response and eNB Configuraiton Update, therefore, the corresponding modification should be performed based on RAN1’s changes.

Proposal 4: defining necessary X2/S1 signalling according to the new TDD special subframe.
4. Conclusion

This contribution gives impacts to Rel-11 specification on introducing additional special subframe configuration.  The impacts are small and can be handled in Rel-11 timeframe.

Proposal 1: Update Table 4.2-1 in TS36.211 with adding new special subframe configuration

· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2) for normal CP in downlink respective ly.
· For DwPTS with normal cyclic prefix in downlink,special subcframe configuration 7 is added (DwPTS:GP:UpPTS) =(5:5:2) for extended CP in downlink respective ly.
Proposal 2: Support 64QAM transmission in DwPTS for the additional special subframe configuration.
Proposal 3: Define new IE for conveying the additional special subframe configuration.

Proposal 4: defining necessary X2/S1 signalling according to the new TDD special subframe.
Proposal 5: sending LS to RAN2/3 to inform the outcome of RAN1 conclusion and defining related signalling.  
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Annex A : code rate for DwPTS =6OS

Table A-1: DwPTS=6 OFDM symbols, 2 CRS ports，PDCCH=2 OFDM symbols, Scaling factor=0.75. (The red grid shows a code rate>0.93 thus UE may skip decoding a transport block in an initial transmission). X-axisis indicates the number of PRBs, Y-axis indicates MCS index. 
[image: image34.emf]I_MCS Qm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 0.2 0.10.133333 0.175 0.140.1833330.214286 0.23750.211111 0.220.2363640.2333330.2153850.228571 0.24

2 2 0.3 0.150.233333 0.275 0.22 0.30.314286 0.3250.288889 0.280.2909090.3416670.3153850.3071430.313333

3 2 0.4 0.2 0.3 0.45 0.360.3666670.371429 0.40.355556 0.370.3727270.3916670.3615380.3785710.393333

4 2 0.5 0.250.433333 0.55 0.440.4333330.457143 0.51250.455556 0.49 0.5 0.5250.4846150.5071430.513333

5 2 0.7 0.35 0.5 0.65 0.520.5333330.585714 0.63750.566667 0.610.6272730.6583330.6076920.6214290.646667

6 2 0.9 0.45 0.6 0.7 0.560.6833330.757143 0.7875 0.7 0.750.7727270.8083330.7461540.7785710.806667

7 2 4.1 2.050.733333 0.8 0.640.816667 0.9 0.93750.833333 0.890.918182 0.975 0.90.921429 0.94

8 2 1.3 0.650.933333 1.025 0.820.9833331.042857 1.11250.988889 1.05 1.11.1416671.0538461.092857 1.1

9 2 1.5 0.751.066667 1.225 0.981.1166671.214286 1.26251.122222 1.211.2454551.3083331.2076921.2357141.286667

10 2 1.7 0.851.233333 1.425 1.141.2833331.385714 1.4625 1.3 1.371.427273 1.4751.3615381.3785711.446667

11 4 0.85 0.4250.616667 0.7125 0.570.6416670.692857 0.73125 0.65 0.6850.713636 0.73750.6807690.6892860.723333

12 4 0.9 0.450.683333 0.7875 0.630.7083330.778571 0.806250.716667 0.7650.7863640.8041670.742308 0.7750.803333

13 4 1.1 0.550.783333 0.9125 0.730.8083330.892857 0.931250.827778 0.8650.913636 0.93750.8653850.9035710.923333

14 4 1.3 0.650.916667 1.0625 0.850.9416671.007143 1.056250.938889 1.0051.0227271.0541670.9730771.017857 1.03

15 4 1.4 0.71.016667 1.1625 0.931.0416671.121429 1.206251.072222 1.125 1.15 1.18751.0961541.132143 1.19

16 4 1.6 0.8 1.15 1.3125 1.05 1.1751.264286 1.356251.205556 1.2451.2954551.354167 1.25 1.2751.296667

17 4 1.75 0.875 1.25 1.4125 1.13 1.2751.378571 1.40625 1.25 1.3451.4045451.4208331.3115381.3892861.403333

18 6 1.1666670.5833330.8333330.9416670.753333 0.850.919048 0.93750.8333330.8966670.9363640.9472220.874359 0.926190.935556

19 6 1.3666670.6833330.8777781.0083330.8066670.8944440.9571431.0041670.892593 0.950.9848481.036111 0.956410.9642861.006667

20 6 1.4 0.70.9666671.1083330.8866670.9833331.0714291.1208330.9962961.0566671.081818 1.1251.0384621.0785711.113333

21 6 1.5666670.7833331.0777781.2083330.9666671.0722221.1857141.2208331.0851851.1633331.1787881.2583331.1615381.192857 1.22

22 6 1.7 0.851.1666671.3416671.0733331.2055561.2809521.3541671.2037041.2433331.3242421.347222 1.243591.2690481.326667

23 6 1.8333330.9166671.2555561.4416671.1533331.2944441.3952381.4541671.292593 1.351.4212121.4361111.3256411.3642861.433333

24 6 2.0333331.0166671.3888891.5416671.2333331.3833331.4714291.5541671.3814811.4566671.5181821.5916671.4692311.478571 1.54

25 6 2.1666671.0833331.477778 1.675 1.341.4944441.585714 1.6875 1.51.5633331.6151521.6583331.5307691.5928571.664444

26 6 2.3 1.151.5666671.8083331.4466671.583333 1.71.8208331.618519 1.671.7363641.7916671.6538461.7071431.722222

27 6 2.4333331.2166671.655556 1.875 1.51.672222 1.77619 1.88751.6777781.7766671.881818 1.9251.7769231.7833331.864444

28 6 2.5666671.2833331.7444441.9416671.5533331.7611111.8523811.9541671.737037 1.831.9545451.9916671.8384621.8452381.935556

29 6 2.9666671.4833332.0555562.3083331.8466672.0722222.233333 2.28752.033333 2.152.2696972.3305562.151282 2.226192.291111


Table A-2: DwPTS=6 OFDM symbols, 2 CRS ports，PDCCH=2 OFDM symbols, Scaling factor=0.5. (The red grid shows a code rate>0.93 thus UE may skip decoding a transport block in an initial transmission). X-axisis indicates the number of PRBs, Y-axis indicates MCS index. 
[image: image35.emf]I_MCS Qm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 2 0.2 0.10.066667 0.1 0.080.116667 0.1 0.13750.122222 0.150.1363640.1583330.1461540.1571430.146667

2 2 0.3 0.15 0.1 0.175 0.140.1833330.157143 0.225 0.2 0.22 0.20.216667 0.2 0.20.186667

3 2 0.4 0.20.133333 0.225 0.18 0.30.257143 0.2750.244444 0.260.2363640.2666670.2461540.2642860.246667

4 2 0.5 0.250.166667 0.325 0.260.3666670.314286 0.3250.288889 0.320.2909090.3416670.315385 0.350.326667

5 2 0.7 0.350.233333 0.375 0.30.4333330.371429 0.40.355556 0.410.372727 0.4250.3923080.4357140.406667

6 2 0.9 0.45 0.3 0.45 0.360.466667 0.4 0.51250.455556 0.530.481818 0.5250.4846150.535714 0.5

7 2 4.1 2.051.366667 0.55 0.440.5333330.457143 0.61250.544444 0.630.572727 0.6250.5769230.6357140.593333

8 2 1.3 0.650.433333 0.7 0.560.6833330.585714 0.73750.655556 0.730.6636360.7416670.684615 0.75 0.7

9 2 1.5 0.75 0.5 0.8 0.640.816667 0.7 0.83750.744444 0.850.7727270.8416670.7769230.8642860.806667

10 2 1.7 0.850.566667 0.925 0.74 0.950.814286 0.96250.855556 0.970.881818 0.975 0.90.9785710.913333

11 4 0.85 0.4250.283333 0.4625 0.37 0.4750.407143 0.481250.427778 0.4850.440909 0.4875 0.450.4892860.456667

12 4 0.9 0.45 0.3 0.5125 0.41 0.525 0.45 0.531250.472222 0.5450.495455 0.53750.4961540.546429 0.51

13 4 1.1 0.550.366667 0.5875 0.470.6083330.521429 0.606250.538889 0.6250.5681820.6208330.5730770.6178570.576667

14 4 1.3 0.650.433333 0.6875 0.550.7083330.607143 0.706250.627778 0.7050.6409090.704167 0.650.717857 0.67

15 4 1.4 0.70.466667 0.7625 0.61 0.7750.664286 0.781250.694444 0.7850.7136360.8041670.7423080.803571 0.75

16 4 1.6 0.80.533333 0.8625 0.69 0.875 0.75 0.881250.783333 0.8850.8045450.9041670.8346150.889286 0.83

17 4 1.75 0.8750.583333 0.9375 0.750.9416670.807143 0.95625 0.85 0.9650.877273 0.93750.8653850.9607140.896667

18 6 1.1666670.5833330.388889 0.625 0.50.6277780.538095 0.63750.5666670.6433330.584848 0.6250.5769230.6404760.597778

19 6 1.3666670.6833330.4555560.6583330.5266670.672222 0.576190.6708330.596296 0.670.6090910.6694440.6179490.6785710.633333

20 6 1.4 0.70.466667 0.725 0.580.7388890.633333 0.73750.655556 0.750.6818180.7472220.6897440.7547620.704444

21 6 1.5666670.7833330.5222220.8083330.6466670.8055560.6904760.8041670.714815 0.830.7545450.8138890.7512820.8309520.775556

22 6 1.7 0.850.566667 0.875 0.70.8944440.7666670.9041670.8037040.8966670.8151520.9027780.8333330.8880950.828889

23 6 1.8333330.9166670.6111110.9416670.7533330.961111 0.823810.9708330.8629630.9766670.8878790.9694440.8948720.964286 0.9

24 6 2.0333331.0166670.6777781.0416670.8333331.0277780.880952 1.03750.922222 1.030.9363641.036111 0.956411.0404760.971111

25 6 2.1666671.0833330.7222221.1083330.8866671.1166670.9571431.1208330.996296 1.111.009091 1.1251.0384621.1166671.042222

26 6 2.3 1.150.766667 1.175 0.941.2055561.033333 1.18751.055556 1.191.0818181.2138891.1205131.1928571.113333

27 6 2.4333331.2166670.8111111.2416670.993333 1.251.0714291.2541671.1148151.2433331.1303031.2583331.1615381.2690481.184444

28 6 2.5666671.2833330.8555561.3083331.0466671.2944441.1095241.3208331.1740741.2966671.1787881.3027781.2025641.307143 1.22

29 6 2.9666671.4833330.9888891.5416671.2333331.5388891.3190481.5541671.3814811.5633331.421212 1.5251.4076921.5357141.433333
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