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1 Introduction

A set of coverage evaluations for several physical channels were presented and discussed in RAN1 #79 [1-8], from which there were identified the PRACH preamble, the PRACH message, the EUL, and the PCH over the S-CCPCH as the ones more limited in coverage with respect to other physical channels that were also evaluated [9]. Then in RAN1 #80 several potential solutions were discussed by the TSG RAN WG for enhancing the coverage of the above mention channels [10-18].
In this contribution we provide a Text Proposal (TP) that is intended to capture additional considerations related to the coverage improvements for the PRACH preamble repetition schemes as described in [19].   

2 Text Proposal
---------------------------------------------------------------- Text start ------------------------------------------------------------------
6.1.3.5.2 Considerations on the PRACH preamble repetition schemes 
In scheme 1 the preamble repetitions are transmitted contiguously. This scheme requires a new definition of the AICH timing since a longer preamble will not make AICH transmission at the currently standardized time possible. Since it does not have any obvious advantage over schemes 2 and 3, which could not take advantage of the possibility of performing coherent accumulation either (c.f. section 3.1 below), the introduced complexity cannot be motivated. This scheme is thus not considered as a candidate in the further discussion in this study.

In scheme 2 the preamble repetitions are transmitted in consecutive access slots.
In scheme 3 the preamble repetitions are not transmitted in consecutive access slots. Several possibilities exist. One is that the repetitions are transmitted in the same way as in the legacy preamble procedure i.e. either 3 or 4 access slots apart depending on the AICH transmission timing. Another is that the preamble repetitions are kept within the same sub-channel. The repetitions would then be 12 access slots apart. The duration between subsequent preamble attempts varies.
· Number of Repetitions and AICH Transmission
Two proposals on potential AICH transmission schemes are defined below.

AICH Scheme 1: The AICH is only transmitted once, after the very last transmitted preamble repetition. The legacy timing between the very last transmitted preamble and the AICH is kept. In this scheme the device would always transmit a pre-defined number of preamble repetitions. This is applicable to all schemes.
AICH Scheme 2: The AICH can be transmitted after each of the transmitted preamble repetitions. The legacy timing between the most recent transmitted preamble repetition and the AICH is kept. In this way the device can abort preamble repetitions as soon as it gets a response on the AICH. This is potentially applicable to scheme 3 only.
One advantage of AICH scheme 1 is that it keeps the false detection rate to a minimum. The node B only has to make one detection decision after the last repeated preamble in an access attempt and then transmit the AICH. This keeps the false detection rate low. A false detection may cost more in terms of DL power for a coverage limited device employing repetition compared with a legacy device.

Another advantage of AICH scheme 1 over AICH scheme 2 is when the repetition and the legacy PRACH preamble transmissions reuse the same sub-channels/signatures. Then the collision risk with legacy AICH transmissions is lower for AICH scheme 1. In that scheme a collision would only occur if there is a legacy PRACH preamble transmission on the same signature in the access slot corresponding to the very last repeated preamble transmission in the repetition scheme. Then it is likely that both the legacy device and the device employing repetition start using the resource defined in the AICH response and a collision occurs.  
In AICH scheme 2 (which is more prone to collisions) a collision occurs if there is a legacy PRACH preamble transmission on the same signature in any of the access slots corresponding to a repeated preamble transmission. Then it is likely that both the legacy device and device employing repetition start using the resource given in the AICH response and a collision occurs.  

As discussed earlier, AICH Scheme 2 has the disadvantage of higher false alarm rate over AICH Scheme 1, because of the larger amount of detections, since each of them has a risk to be false. The attractiveness on the other hand, is the potential to repeat only as many preambles as really needed. That conserves transmission energy and keeps the interference as low as possible in the system. A way to mitigate the increased false alarm rate in AICH Scheme 2 could be to have a higher threshold for the preambles preceding the last one. This approach decreases the false detection rate for the decisions made before all preamble repetitions have been received. AICH Scheme 2 would still however have an increased collision risk with the legacy transmissions, when reusing signatures/sub-channels, since the device needs to be listening to the AICH after each repeated preamble.
· Time Diversity
Since the separation in time between transmitted preambles is different for the presented repetition schemes (2 and 3), the receiver performance may differ due to a different amount of time diversity. For slowly fading channels like PA1Hz it is, however, expected that the receiver performance for the two schemes be roughly the same.
· 

· Impact to implementation on coherent and non coherent combining aspects
a) All of the schemes would have better coverage for coherent combining than non-coherent combining. The frequency offset and the channel fading would make coherent accumulation over a time that is longer than the duration of one preamble destructive. Additional complexity could be introduced to the receiver for performing coherent combining.
b) For non-coherent combining, coherent accumulation can be performed with less impact to the implementation. The buffer would need to keep the data for a certain amount of time depending on the duration of repetition.
· Coexistence of Legacy and Preamble Repetition Transmissions
Legacy and devices using repetition schemes need to share resources i.e. signatures and sub-channels, and this can be done in various ways. One straight forward solution is to let them coexist and not take any measures to separate them. This is favourable from a standardisation point of view since there will be no need for signalling of signatures/sub-channels for the purpose of differentiation. However, during the accumulation over several preambles, unwanted interaction may occur with legacy transmissions. This could be handled by assigning disjunctive resources depending on whether there is a repetition or a legacy scheme employed. 
In general about the additional considerations on the 3 proposed schemes, it seems that scheme 1 does not have any performance advantages over 2 and 3 and impacts the standard. Schemes 2 and 3 conform to legacy timing and are very much alike. Depending on the fading environment one scheme may perform better than the other. To what extent this has any practical relevance needs to be studied further. Another remaining issue concerns the need for separating legacy and transmissions when using a repetition scheme.
--------------------------------------------------------------- Text end ------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal: Agree on the text proposal presented in this document and capture its content on the TR for the study on Small Data Transmission Enhancements for UMTS
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