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1 Introduction

In RAN plenary #55 meeting, a new WI on “additional special subframe configuration for LTE TDD” was agreed [1]. The targets are: 
· Specify the additional special subframe configurations of DwPTS consisting of 6 / 5 OFDM symbols for EUTRA frame structure type 2 for normal cyclic prefix / extended cyclic prefix respectively in the relevant specifications, with 2 OFDM symbols in UpPTS
· Allow PDSCH transmission in DwPTS without modifying existing reference signals
· Evaluate enhancements to TBS determination for PDSCH in DwPTS of the additional special subframe configuration and specify if needed
· Specify the signalling and procedure to support the use of the additional special subframe configuration.  
In this contribution, we provide our views on how to handle additional special subframe configuration for LTE TDD.

2 Special subframe configuration 

Currently, 9 / 7 special subframe structures (the length of DwPTS/GP/UpPTS) for normal CP / extened CP are defined in Table 4.2-1, respectively. To capture the additional special subframe configuration introduced by this WI, we think a straightforward method is adding more entries into this table. As shown in Table 1, 4 new entries are enough to capture DwPTS of 6 / 5 OFDM symbols for normal CP / extended CP, UpPTS length 1 or 2. If UpPTS also needs optimization, Table 1 could be further extended. 
Table 1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)
	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
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There are two ways for the signalling of additional special subframe configuration. That is, it can be cell specific by broadcast signalling or UE specific by RRC signalling. In the coexistence scenario between TD-SCDMA 5DL/2UL and LTE TDD configuration 2, we do not see much difference between these 2 types of signalling, since anyway a legacy UE has to be configured with a special subframe structure with a very large GP (3:9:2 or 3:9:1) and only new UE could benefit from the new available resource. A slightly preference is to use cell specific signalling, since its overhead is anyway less than the UE specific signalling. 

3 Transport block size (TBS)
A problem caused by the further shortened length of additional DwPTS is how to treat TBS. A similar discussion happened in LTE TDD, and it concluded on a scaling factor to reduce the TBS for a number of PRB allocation compared to normal subframe. According to the section 7.1.7 in 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. 
It is questionable if current scaling factor R = 0.75 works for the additional length of DwPTS. As was observed in [2], many MCS indexes result in coding rate bigger than 1. However, we think eNB implementation can handle such cases. Anyway, a coding rate bigger than 0.93 or 1 also happens in early LTE release, eNB must already have methods to handle it. It is also possible for eNB to just do an aggressive scheduling in the initial transmission (coding rate > 1) and then relying on a retransmission to compete a PDSCH transmission. So we think further proof should be provided before introducing some new standardization method for TBS. 

4 Reference signal

Before going into much details of the reference signal design, we would like to discuss the using scenarios for new available OFDM symbols in DwPTS first in the coexistence scenario between TD-SCDMA 5DL/2UL and LTE TDD configuration 2. A legacy UE should work well when eNB configures with the new special subframe structure. That is, special subframe configuration (3:9:2) or (3:9:1) has to be signalled to legacy UE. According to LTE TDD, DwPTS with 3 OFDM symbols is not used for PDSCH, which means no broadcasting information can be transmitted in DwPTS too, otherwise legacy UE cannot get it. Hence, it is only possible to use the new new available resource in unicast transmission for new UEs. 
Regarding unicast PDSCH transmission, two types of RS are specified in LTE, i.e. CRS and DMRS depending on the transmission mode. CRS can be easily extended to support these additional DwPTS. That is, the available CRS REs located in the first 6 / 5 OFDM symbols of the whole-subframe CRS pattern can be used in demodulation for normal CP / extended CP, respectively. However, CRS is not good for inter-cell interference coordination since only 3 efficient frequency offset are available. Alternatively, UE specific RS could be better choice for the demodulation reference. Actually, UE specific RS had become more and more important feature for Rel-11 and beyond. E-PDCCH was agreed to solely base on DMRS, and inter-cell interference coordination in HetNet scenario is a major issue for future network. 
From analysis above, only new UEs can benefit from the additional special subframe configuration. So, it is likely the additional resource are not fully used, especially for the early phase of network deployment where most UEs are legacy UE, so the transmission of one more column of CRS in the data region of the new DwPTS may not be so efficient, especially a better RS, i.e DMRS could be used for demodulation. We are considering the following 2 options,
· Option 1: No CRS in the PDSCH region of DwPTS, so PDSCH transmission in the new DwPTS for new UEs can only base on DMRS for demodulation. 
· Option 2: In the new signaling for special subframe configuration, further indicate whether CRS is present in the PDSCH region of DwPTS, then eNB has the freedom to configure the type of RS for the PDSCH transmission in the new DwPTS for new UEs. 
DMRS pattern should be designed for both normal CP and extended CP for the additional special subframe configuration. The current specification has specified DMRS structure for DwPTS with 9 / 8 OFDM symbols for normal CP / extended CP respectively, which could be a start point for DMRS design for the additional DwPTS. Unfortunately, both 2 structures cannot be directly used in the additional DwPTS structures, since the last column of OFDM symbol carrying DMRS is not available yet. So some adaption or new designs are needed. . 
To maximizing the benefit of DMRS, energy saving, inter-cell interference coordination, it is better no CRS is existed in PDSCH region of DwPTS when DMRS is configured. The absence of CRS brings much freedom on the choice of OFDM symbols carrying DMRS, both normal CP and extended CP can be well supported. As shown in Figure 1, we provides 2 DMRS patterns which are based on current defined pattern in Rel-10, and the only change is shifted OFDM symbol position. One merit of the 2 patterns is they avoid using the 3rd OFDM symbol carrying P-SCH, so that all frequency resources can be supported by DMRS. 
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Figure 1: DMRS for the additional DwPTS
5 UpPTS
As observed in [2], in the coexistence scenario for TD-SCDMA 5DL/2UL and LTE TDD configuration 2, there can be at most 4 / 3 SC-FDMA symbols possible for uplink transmission for normal CP / extended CP, respectively. So it is possible that UpPTS can have a maximum of 6 / 5 SC-FDMA symbols. However, it was agreed in LTE TDD that UpPTS can only have 1 or 2 SC-FDMA symbols. 
In LTE TDD, UpPTS with 1 SC-FDMA symbol can only be used for SRS; while UpPTS with 2 SC-FDMA symbols can be used for SRS and/or RACH format 4. To further improve uplink efficiency, and meanwhile avoiding effort on new structure for PUSCH or PUCCH, we think the only possible usage on the new available resource in uplink is to transmit SRS. 
In LTE TDD, the resource in UpPTS is likely to be prioritized for SRS transmission compared to normal UL subframe, but it is questionable that if current UpPTS resource (at most 4 symbols in a frame) could satisfy all the usages relying on SRS. SRS can be used for uplink transmission and also downlink transmission if channel reciprocity is available. Some new features, e.g. UL MIMO and CoMP may require much more SRS resource. The needed SRS capacity maybe even more increased in the feature technology.  So we consider the way to further increase SRS capacity by the additional UL resource available. New special subframe configurations can be considered as shown in Figure 3
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Figure 3: 

If the new UpPTS as shown inFigure 3 is supported, there can be at most 10 symbols for SRS in a radio frame, i.e. 8 symbols located in UpPTS and 2 symbols located in normal UL subframes. The parameter 
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 used in section 8.2 in 36.213 for UE sounding procedure could be defined by table 2. 

 Table 2: 
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	Resource 

	0
	1st symbol of UpPTS in subframe 1

	1
	2nd  symbol of UpPTS in subframe 1

	2
	Subframe 2

	3
	3rd symbol of UpPTS in subframe 1

	4
	4th symbol of UpPTS in subframe 1

	5
	1st symbol of UpPTS in subframe 6

	6
	2nd  symbol of UpPTS in subframe 6

	7
	Subframe 7

	8
	3rd symbol of UpPTS in subframe 6

	9
	4th symbol of UpPTS in subframe 6


6 Conclusions
In this contribution, we discuss the possible issues when additional special subframe configurations for LTE TDD are introduced. Depending on the discussions, the followings are proposed:

Proposal 1: Table 1 to replace Table 4.2-1 in 36.211, and define cell specific signaling for the additional subframe configurations. 

Proposal 2: Further proof should be provided before introducing a new standardization method for TBS.

Proposal 3: 

· Option 1: No CRS in the PDSCH region of DwPTS

· Option 2: In the new signaling for special subframe configuration, further indicate whether CRS is present in the PDSCH region of DwPTS
Proposal 4: DMRS is only supported in case CRS is not present in PDSCH region of DwPTS, the exact patterns are,
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Proposal 5: Extend UpPTS to have more resource for SRS:
Table x: 
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	Resource 

	0
	1st symbol of UpPTS in subframe 1

	1
	2nd  symbol of UpPTS in subframe 1

	2
	Subframe 2

	3
	3rd symbol of UpPTS in subframe 1

	4
	4th symbol of UpPTS in subframe 1

	5
	1st symbol of UpPTS in subframe 6

	6
	2nd  symbol of UpPTS in subframe 6

	7
	Subframe 7

	8
	3rd symbol of UpPTS in subframe 6

	9
	4th symbol of UpPTS in subframe 6
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