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1. Introduction

At RAN1#47, it was concluded that in particular two schemes should be discussed further for 2ms TTI coverage enhacement:

· repetitions with HARQ with primary focus
· TTI length extension/fast switching

Furthermore, as discussed earlier, the possibility of MAC segmentation for smaller transport block sizes should also be taken into account. 
In this contribution, we discuss and compare the different schemes taking into account aspects such as coverage performance, switching signaling, impacts to specifications and implementation.
2. Discussion
2.1
Transfer delay and coverage:
When we consider the EUL coverage, it is clear that there is a tradeoff between coverage gain and transfer delay. In our opinion, these are two points to be considered.

As far as the transfer delay is concerned, it was said in [2] that 2ms TTI repetition with autonomous HARQ allows using the channel with a finer granularity, i.e. UEs only repeat transmissions when needed. 
We think that the gain in transfer delay is to be weighted against the loss of power efficiency, which reduces the gain in coverage. In our opinion, coverage gain is more important than transfer delay.
Also from the performance point of view, one needs to take into account that there is a performance degradation of the 2ms repetition scheme compared to the legacy 10 ms TTI (which we show in [4]), because the former has less time diversity and interleaving gain.
In particular, it was proven by simulation results we present in the companion paper in [4] that 10ms TTI with maximal 2 transmissions provides the best coverage performance, MAC segmentation provides a good coverage performance, and 2ms TTI repetition with HARQ provides a comparatively poor performance.

Furthermore, the use of a 10ms TTI can provide about 1 to 3 dB gain compared to all other schemes in most cases.
2.2
Switching mechanism:

We think the 2ms/10ms TTI switching signaling can be identical for the different schemes. In the following we discuss several potential proposals for the switching mechanism.
If the switching is decided by the RNC, then the RNC could make a decision depending on the information reported from Node B. Then the higher layer signaling could be transmitted to the serving cell NodeB and UEs. In case of soft handover, the signalling can also be transmitted to the non serving cell NodeBs. The disadvantage of this scheme is the comparatively large transfer delay of higher layer signaling.
If the switching is decided by the Node B, then the Node B could make a decision depending on the UPH in the scheduling information. Then, the physical layer signaling could be transmitted by HS-SCCH order. The disadvantage of this scheme is that the E-DCH serving cell has to tell the switching information to the neighbouring non serving cells.
The switching could also be decided by the UE, for example the UE could make a decision depending on the measured Ior/Ioc or the power headroom. Then, the physical layer signaling could be transmitted by E-TFCI, for example, a new specified E-TFCI value is defined as “switching signalling”, or a E-TFCI under a certain threshold is used to imply that new TTI format is applied. But there is a potential risk of inconsistent understanding between UE and Node B in case of E-TFCI’s error detection,and have big impact on the Implementation.
2.3
Impacts to specifications: 
As far as the specification impact of the TTI repetition scheme with HARQ is concerned, the following aspects should be considered:

1.  HARQ delay
The HARQ processes for the TTI repetition schemes evaluated in [4],we can see a new E-HICH timing relationship is needed in the specification.

Furthermore, a 2ms reduction in processing time might introduce some kind of unexpected limitation to the Node B implementation, e.g. interference cancellation.After all, there is always an un-ignorable impact to the existing implementation when the timing relationship of ACK is changed, and this is a risk for the scheme of TTI repetition with HARQ.
2.  Scaling factor of E-DPDCH

As the new SIR target should be estimated by the combined repetitions and a new gain factor formula of E-DPDCH is required, which will adjust its value depending on the number of repetitions.
3.  Channel structure and multiplexing of E-DPCCH/E-DPDCH
If the E-DPCCH is only transmitted in the first 2msec, then E-DPDCH repeats for the remainder of the duration of an extended transmission. In this case an extra clause should be addressed in which E-DPCCH would be transmitted without E-DPDCH.

If the E-DPCCH is always a companion of E-DPDCH, the E-DPCCHs respecting to the E-DPDCH repetitions should be defined the same RSN bits in specification, then they can be soft combined in the receiver.

The above specification impacts should be taken into account when comparing to the alternative schemes
- 2ms TTI MAC segmentation is already available in Rel-8, so there is no impact to specification when using this feature.
- As far as the scheme of 2ms to 10ms TTI switching is concerned, since the related transport formats already exist, there is no impact to the specification.
3. Conclusion

In this contribution, we compared different schemes for 2ms TTI EUL coverage enhancement and made a comparative analysis. When deciding which scheme to be adopted, aspects such as coverage, signalling for switching, as well as impacts to specifications and implementation should be considered. 
As a conclusion, we prefer the 2ms/10ms switching with high layer signaling and 2ms MAC segmentation, due to the better coverage gain and limited impact to the current specification. 
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