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1 Introduction
The Work Item on DCH Enhancements was agreed at RAN1#61 in October 2013 [1], its objectives including the specification of Frame Early Termination (FET) enhancements for DCH in UL and DL.
In this contribution, we discus the merits of the “DPCH Time Domain Multiplexing” mechanism for DL DCH enhancements, based on the analysis provided in the Technical Report [2].
2 Discussion
TDM Mechanisms
The TDM
 of DCH voice transmissions in DL is motivated by the desire to:

· Provide gating opportunities to UE’s modem to enable battery savings.

· Save the OVSF code space, so that more SF16 codes are available for HSDPA.

Some characteristics and evaluation results of the reference Rel-99 design as well as the TDM mechanisms proposed in [2], section 4.2.4 are summarized below
· Rel-99 reference:

· OVSF code consumption: 1 x SF128 per UE

· Approx. channel coding rate: 0.24 (12.2 kbps/51 kbps, slot format 8)

· UE gating opportunities: none

· Option 1: TDM at TTI level

· OVSF code consumption: 1 x SF128 per UE (best case)
· Approx. channel coding rate: 0.21 (2*12.2 kbps/114 kbps, slot format 21-24, [2] 4.2.4.1)

· UE gating opportunities: 63%

· Option 2: TDM at slot level

· OVSF code consumption: 0.67 x SF128 per UE (best case)

· Approx. channel coding rate: 0.33 (3*12.2 kbps/111 kbps, slot format 21-23, [2] 4.2.4.2)

· UE gating opportunities: 40%
It can be observed that all of the above take advantage of the full 1/3 FEC protection.

OVSF Code Usage
The following can be observed with regard to OVSF code consumption of the TDM options:

· TDM Option 1 is, at best, equivalent to Rel-99.

· TDM Option 2 at best consumes 2/3 of the Rel-99 code resource on average.

However, as pointed out in [3], UE best-case grouping is unlikely to occur in the field. Realistically, the OVSF code usage of TDM Option 1 is likely to be poorer than the Rel-99 baseline, and the OVSF code usage of TDM Option 2 is likely to be equivalent to or poorer than the Rel-99 baseline.
UE grouping could be improved, as suggested in [3], by allowing radio link timing misalignment of up to 10 ms. This represents significant system and UE impact:

· The timing misalignment would have to be absorbed by the UE, increasing the soft combining buffer size to 15 slots (that’s 38400 chips, up from +/-148 chips).

· The misalignment of TPC bits on different radio links would add complexity to SIR estimation as well as UL power control.

· The relative delay of the same PDU on different RLs would increase the decoding time and therefore reduce the UE modem gating opportunities.
· Additional UL-DL timing rules for different radio links would be required.

UE Modem Gating
It can be observed that TDM Option 1 offers gating opportunities of up 63%. With Option 2, gating opportunities are approximately 40% – a value comparable to gating opportunities provided by non-TDM approaches in [2].

In summary, it can be said that TDM Option 1 offers no OVSF code space gains (more likely, some loss) but has the benefit of more gating opportunities. On the other hand, TDM Option 2 might offer some OVSF code space gains without additional gating opportunities.
Way Forward
Given the above discussion, we identify the following options for the way forward:
Option A: TDM is not specified as part of DCH enhancements.

Option B: TDM is FFS, assuming there is no change to UE’s SHO combining compared to Rel-99.

Option C: TDM is FFS, assuming UE’s SHO combining window is extended.

In our view, the modem gating gains offered by TDM Option 1 are attractive and hence it may be worthwhile leaving Options A and B on the table. However, the system and UE impact motivate our preference to rule out Option C from being considered further.

3 Conclusion
The way forward on TDM as a DCH enhancement was discussed in this contribution. It is proposed that the following option is not considered further during the WI:
Option C: TDM is FFS, assuming UE’s SHO combining window is extended.
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� As this concerns time multiplexing different UEs on the same OVSF code, the term TDMA may be appropriate.
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