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1. Introduction & Background
RAN1#68bis agreed to add the following new special subframe configurations:

-
For DwPTS with normal cyclic prefix in downlink, special subframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2).

-
For DwPTS with extended cyclic prefix in downlink, special subframe configuration 7 is added for (DwPTS:GP:UpPTS) =(5:5:2).

In this contribution, we give our view on the transmission mode and reference signal on the DwPTS for the new special subframe configuration.
2. Reference signals on DwPTS
One of leftover issues for the new special subframe configuration is the reference signals on DwPTS, particularly UE-specific reference signals for antenna port 7, 8, 9, 10, i.e., DMRS. One example for this issue is illustrated in Figure 1.  Note that none of the full DMRS pattern can be received by UE.
If DMRS are supported, then the truncated existing patterns can be considered to allow UE-specific demodulation on DwPTS. The main pros and cons for having this feature are observed as follows,
Pros:
· TM 8 and 9 supporting: UE is able to receive PDSCH on DwPTS for all the transmission modes. This enables up to rank 2 transmission for TM8 and up to rank 4 transmission for TM9. The throughput improvement for the new configuration can be maximized.
· E-PDCCH supporting: UE-specific reference signal for control channel demodulation has been widely discussed since multiple use cases, e.g., Control channel performance enhancement, Control Channel Capacity, Deployment of large-scale low power node, Frequency domain ICIC for control channel and so on. It is agreed that at least for localized transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on existing DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel. Therefore, supporting DMRS on DwPTS is necessary in order to allow E-PDCCH transmission on DwPTS.
Cons:

· Performance due to less DMRS RE density: If truncated existing patterns is configured for the additional special subframe configuration, DMRS RE density is less than other subframe, the performance will be slightly degraded when time-domain channel variant is large. 
· Overhead: for DwPTS spans 6 OFDM symbols, 2 CRS ports, port 7 and 8 DMRS, PDCCH spans 1 OFDM symbols, the overall overhead for DMRS is 8.3%, CRS is 5.6%, PDCCH (including CRS in 1st OFDM symbol) is 16.7%, PDSCH is 70.4%. Therefore, introducing DMRS leads to 8.3% resource penalty on DwPTS. 
· Rank: Limiting transmission layers to 4 is necessary for 1-strip DMRS.
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Figure 1.
Mapping of UE-specific reference signals, antenna ports 7, 8 (normal cyclic prefix).
According to the current UE-specific reference signals pattern for antenna port 7, 8, 9 and 10, truncated existing patterns for special subframe with configuration 3, 4 and 8 is the most appropriate pattern for configuration 9.
3. Conclusion
Aforementioned pros and cons for having DMRS support on DwPTS which spans 6 OFDM symbols for normal cyclic prefix are studied. It is great interest from deployment perspective to have DMRS support on DwPTS. Through the underlying cons which make impacts, e g., trivial performance degradation, minor overhead increase, supporting all the transmission modes and new control channel seems to be dominant features for Rel-11 UE. While the price paid for supporting DMRS is relative small if truncated existing patterns are considered.
Proposal 1: For DwPTS with normal cyclic prefix in downlink, truncated existing DMRS pattern for special subframe with configuration 3, 4 and 8 is supported for special subframe configuration 9.
A corresponding CR is prepared [2].
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