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1. Introduction
In RAN1#51, [1] was agreed as the way forward for an optimized frame structure type 2. Configurations of the special subframe are agreed to be based on:
· The lengths of the special fields are configurable with higher layer signaling

· Minimum DwPTS duration is 1 OFDM symbol

· Maximum possible guard period (if short RACH and sounding in UpPTS is not configured) is 13 OFDM symbols (normal CP length) or 11 OFDM symbols (extended CP length)

· The number of configurations should be kept small
In this contribution, patterns for special subframe are discussed and it is proposed that
· Only two kinds of UpPTS length are supported for each CP configuration
· Normal CP: 6 and 2 SC-FDMA symbols
· Extended CP: 5 and 2 SC-FDMA symbols
· The GP can only be created by puncturing OFDM symbols in DwPTS but the minimum length of DwPTS should be 2 symbols.
· The minimum GP should be one OFDM symbol
The detailed patterns considering co-existence and non-co-existence case are proposed in section 2.3.
2. Discussion
In Korea meeting, the co-existence for LTE TDD with most of TD-SCDMA DL/UL ratios is analyzed in [2]. During the deployment of TD-SCDMA, 4:3 and 5:2 are the most important and commonly used DL/UL ratios, so these two ratios need to be considered with highest priority. Therefore, to reduce the complexity of special subframe configuration, the minimum acceptable set when considering co-existence with TD-SCDMA is:
· Use UpPTS = 2 SC-FDMA symbols to co-existence with TD-SCDMA 4:3
· Use UpPTS = 6 SC-FDMA symbols (in extended CP case 5 symbols) to co-existence with TD-SCDMA 5:2

Also, to minimize the overall number of special subframe patterns, and to avoid complex UL design, the options of UpPTS length in all cases are proposed to be the same as in co-existence case, i.e. 6 and 2 SC-FDMA symbols in normal CP case and 5 and 2 SC-FDMA symbols in extended CP case.
According to [2], the minimum GP length is 2 OFDM symbols in co-existence case, and it is proposed that the GP length in non-coexistence is at least one OFDM symbol to provide enough guard time for switching point.
Furthermore, for co-existence part, in some cases LTE TDD needs larger site to site distance than TD-SCDMA does, and we found that it can only be achieved by puncturing OFDM symbols in DwPTS but not in UpPTS. As shown in figure 1, (a) illustrates the originally special subframe configuration for co-existence with TD-SCDMA 4:3. In (b), try to puncture enlarge the coverage of LTE TDD by puncturing symbols in UpPTS will lead to interference to UL part of TD-SCDMA, in other words the effective “joint GP” for LTE TDD is restricted by the start time of TD-SCDMA UL part. In (c), symbols in DwPTS are punctured to support larger coverage for LTE TDD and this will not lead to any interference between the two TDD systems.


[image: image1.emf]TS0 TS1 TS2

TS0 TS1 TS2

TS0 TS1 TS2

Downlink

Subframe

Uplink 

Subframe

DwPTS

UpPTS

GP

TD-SCDMA

LTE TDD

TD-SCDMA

LTE TDD

TD-SCDMA

LTE TDD

(a)

(b)

(c)

Joint GP

Joint GP


Figure 1 Enlarger GP of LTE TDD when co-existence with TD-SCDMA
According to the considerations above, it is proposed to enlarge GP of LTE TDD, if needed, by puncturing OFDM symbols in DwPTS while keeping the length of UpPTS fixed in co-existence case. 
In order to simplify the design of DwPTS, i.e. the resource scheduling and control channel in DwPTS, it is proposed that the minimum length of DwPTS is 2 OFDM symbols in both normal and extended CP case.
Finally, to minimize the overall number of patterns for special subframe, the options of GP length should be limited, and the patterns designed for co-existence with TD-SCDMA are reused to the maximum extend for non-coexistence case and co-existence with TD-CDMA case.
2.1. Patterns for co-existence with TD-SCDMA
Based on the considerations above, we suggest using the patterns listed in table 1 and table 2 for TD-SCDMA co-existence in normal CP and extended CP case. Here, the most important ratio of 4:3 and 5:2 in TD-SCDMA deployment are considered to be co-existed with.
	GP length
(symbols)
	Ratio of DL:UL of TD-SCDMA

	
	4: 3
	5: 2 

	2
	10: 2: 2
	6: 2: 6

	3
	9: 3: 2
	5: 3: 6

	4
	8: 4: 2
	4: 4: 6

	5
	7: 5: 2
	3: 5: 6

	10
	2: 10: 2
	N/A



Table 1. Special subframe patterns for co-existence with TD-SCDMA in normal CP case
	GP length
(symbols)
	Ratio of DL:UL of TD-SCDMA

	
	4: 3
	5: 2 

	1
	9: 1: 2
	N/A

	2
	8: 2: 2
	5: 2: 5

	3
	7: 3: 2
	4: 3: 5

	4
	6: 4: 2
	3: 4: 5

	5
	5: 5: 2
	2: 5: 5

	8
	2: 8: 2
	N/A



Table 2. Special subframe patterns for co-existence with TD-SCDMA in extended CP case

The special subframe patterns for co-existence with TD-SCDMA 5:2 can also be used to support co-existence with TD-SCDMA 2: 5.
2.2. Patterns for non-co-existence
In non-co-existence scenarios, it is proposed to use 7: 1: 6 and 6: 1: 5 as default configuration in normal CP and extended CP case respectively.  The length of UpPTS is set to 6 SC-FDMA symbols (in extended CP case 5 symbol) in normal CP case to simplify the design of UpPTS. And 2: 10: 2 is used (in extended CP 2: 8: 2) to support very large cell size up to about 100km.
	GP length
(symbols)
	Patterns of special subframe

	1
	7: 1: 6

	2
	6: 2: 6

	3
	5: 3: 6

	4
	4: 4: 6

	5
	3: 5: 6

	10
	2: 10: 2


Table 3. Special subframe patterns for FS2 in non-co-existence case (Normal CP)
	GP length
(symbols)
	Patterns of special subframe

	1
	6: 1: 5

	2
	5: 2: 5

	3
	4: 3: 5

	4
	3: 4: 5

	5
	2: 5: 5

	8
	2: 8: 2


Table 4. Special subframe patterns for FS2 in non-co-existence case (Extended CP)

2.3. Overall patterns

We have 11 patterns for special subframe in all, and 4 bits are used to indicate the patterns. Overall patterns for nomal CP and extended CP case are listed in table 4 and 5. 
	GP length
(symbols)
	UpPTS = 6
	UpPTS = 2

	1
	7: 1: 6
	11: 1: 2

	2
	6: 2: 6
	10: 2: 2

	3
	5: 3: 6
	9: 3: 2

	4
	4: 4: 6
	8: 4: 2

	5
	3: 5: 6
	7: 5: 2

	10
	N/A
	2: 10: 2


Table 5. 11 patterns of special subframe for FS2 (Normal CP)
	GP length
(symbols)
	UpPTS = 5
	UpPTS = 2

	1
	6: 1: 5
	9: 1: 2

	2
	5: 2: 5
	8: 2: 2

	3
	4: 3: 5
	7: 3: 2

	4
	3: 4: 5
	6: 4: 2

	5
	2: 5: 5
	5: 5: 2

	8
	N/A
	2: 8: 2


Table 6. 11 patterns of special subframe for FS2 (Extended CP)
2.4. Co-existence with TD-CDMA
In some cases, the co-existence of LTE TDD and TD-CDMA needs to be considered, and it is found that several patterns listed in section 2.3 can be used to support co-existence with TD-CDMA with some of the ratios, shown in table 7&8 and figure 2.
	GP length
(symbols)
	DL/UL ratio of TD-CDMA

	
	10: 5 & 13:2
	11: 4

	3
	9: 3: 2
	N/A

	4
	8: 4: 2
	4: 4: 6

	5
	7: 5: 2
	3: 5: 6

	10
	2: 10: 2
	2: 10: 2


Table 7. Patterns of special subframe for TD-CDMA co-existence (Normal CP)
	GP length
(symbols)
	DL/UL ratio of TD-CDMA

	
	10: 5 & 13:2
	11: 4

	2
	8: 2: 2
	N/A

	3
	7: 3: 2
	4: 3: 5

	4
	6: 4: 2
	3: 4: 5

	5
	5: 5: 2
	2: 5: 5

	8
	2: 8: 2
	2: 8: 2


Table 7. Patterns of special subframe for TD-CDMA co-existence (Extended CP)
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Figure 2. LTE TDD co-existence with TD-CDMA
3. Conclusion
In this contribution, patterns for special sub-frame are discussed and it is proposed that

· Only two kinds of length of UpPTS are supported for each CP configuration
· Normal CP: 6 and 2 SC-FDMA symbols
· Extended CP: 5 and 2 SC-FDMA symbols
· To support larger coverage, GP can only be created by puncturing OFDM symbols in DwPTS but the minimum length of DwPTS should be 2 symbols.
· The minimum GP should be one OFDM symbol
Furthermore, overall 11 patterns of special subframes for normal CP and extended CP case are given respectively. Using these patterns, co-existence with TD-SCDMA and TD-CDMA with some most commonly used ratios can be achieved.
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