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1. LTE TDD deployment coexists with legacy system
(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

Considering potential TD-SCDMA deployment in E: 2320-2370 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
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. 
At the same, extend UpPTS can also make use of uplink resource as much as possible. Recalling the previous agreement in Rel-8 on UpPTS not to transmit data and maximum 2 OFDM symbols is configured. Then a more concrete proposal would be 

Proposal 1: Configure special subframe (DwPTS:GP:UpPTS) = (6:6:2)  in normal CP in addition to the current special subframe configuration for Rel-11 UE.
The remaining part of the proposal discusses the specification and implementation impact of adding new special subframe configuration.
2. Specification and implementation impact to Rel-11 UE
2.1. Backward compatibility
Backward compatibility is always a necessary requirement in order to keep legacy UE accessible to network. The Rel8/9/10 special subframe configuration has been already defined for Rel8/9/10 UEs. The IE TDD-Config is used to specify the TDD specific physical channel configuration. specialSubframePatterns defined in TDD-Config  is used to notify UE appropriate special subframe configuration to Rel8/9/10 UEs. 

In order to keep backward compatibility to legacy UE, the current signalling shall be kept unchanged. Hence, a new signalling dedicated to Rel-11 need to be specified in order to signal additional special subframe configuration to Rel-11 UEs. Equivalently speaking, for Rel-11 UE, it signals whether it is configured as (6:6:2) or (3:9:2). While for UEs before Rel-11, the special subframe configuration is still notified from IE TDD-Config.
2.2. Impact to reference signal
2.2.1. Impact to CRS is minimal
Current Rel8 specification already supports reduced CRS in special subframe. when CRS configured 2 antenna port,
· For DwPTS = {12} OS, 4-strip CRS is used for demodulation or measurement

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

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

Then according to the CRS pattern defined in 36.211, 
· For DwPTS = {6} OS, 2-strip may be used in special subframe for demodulation or measurement.

2.2.2. Impact to DMRS shall be taken into account
Rel9/10 specifies the resource elements used for UE-specific reference signals for normal cyclic prefix for antenna ports 7, 8, 9 and 10. In order to optimize the downlink performance of DwPTS, 2 additional DMRS pattern on top of normal subframe DMRS pattern is introduced in order to enable DMRS based demodulation in special subframe.
If special subframe is configured as (6:6:2), then none of the above DMRS pattern is satisfied. Two alternatives might be  
· Alternative 1: define a new DMRS pattern, for example Figure 3.

· Alternative 2: no DMRS pattern for (6:6:2)
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Figure 3 Alternative 1 :1-strip DMRS pattern for special subframe configured as (DwPTS: GP: UpPTS) = (6:6:2)
For alternative 1, it can support UE-specific demodulation in the special subframe.  However, the maximum rank for downlink transmission is limited to 4. Considering DMRS RE density is less than other configuration, the performance will be slightly degraded when time-domain channel variant is large. For 1-strip DMRS, it also requires modification to UE channel estimation and demodulation due to less DMRS strips. This is different to other defined configuration. Then it will increase complexity to UE.
For alternative 2, no impact is brought to specification and UE implementation. But only TxD is supported in special subframe. This gives less spectrum efficiency then normal subframe, which uses DMRS-based transmission mode. However, CRS-based operation is still possible for rank>1 transmission.
2.2.3. Impact to TBS mapping shall be taken into account
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.
3. Conclusion
Roughly speaking, introducing (DwPTS: GP: UpPTS) = (6:6:2) gives additional 4 OFDM symbols in every 5ms. Compared to (DwPTS: GP: UpPTS) = (3:9:2), this results in 4/36 =11% performance gain in terms of spectrum efficiency. However, considering DMRS performance degradation, DwPTS TBS scaling and possible impact to eNB scheduling algorithm, this gain may be more challenging in realistic implementation.
To sum up, this contribution considers the application scenario of deploying LTE TDD system in candidate TDD spectrum which has been used for legacy TDD system. In order to avoid possible interference from legacy/ new system, it proposes,

Proposal 1: Configure special subframe (DwPTS:GP:UpPTS) = (6:6:2)  in normal CP in addition to the current special subframe configuration for Rel-11 UE.
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Special Subframe with (6:6:2)


 


 


 


 


 


 



_1374491160.vsd
�

1880-1920MHz
F


2010-2025MHz
A


2300-2400MHz
E


3G TDD spectrum


2300-2400MHz


1880-1900MHz


2010-2025MHz


TD-SCDMA



_1374307224.vsd

_1342614077.unknown

