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1 Introduction

At RAN#65, a study on ‘Small Data Transmission (SDT) Enhancements for UMTS’ was approved as one of the topics to be studied as part of 3GPP Release 13 [1]. One aspect to be considered is coverage of small data transmissions, and during RAN1#79 a comprehensive evaluation of the Maximum Coupling Loss (MCL) for different physical channels was performed [2-9]; see Table 1 for a summary of some of the results. Three main bottleneck areas were identified from this evaluation, namely PCH over S-CCPCH, PRACH preamble and EUL. In this contribution, uplink coverage aspects associated with Enhanced Uplink (EUL) will be discussed.
Table 1
Summary of MCL values for the agreed reference scenario.
	
	Cell search
(P-SCH,
S-SCH)
	BCH
(S-CCPCH)
	Paging
(PICH,
S-CCPCH)
	PRACH preamble
	AICH
	EUL
(DPCCH,
E-DPCCH, E-DPDCH)
	HS-SCCH
	HS-PDSCH

	MCL [dB],
Ped A 1 Hz
	154
	150
	143
	
	145
	141
	144
	160

	MCL [dB],
AWGN
	152
	152
	149
	143
	152
	146
	150
	158


2 Autonomous retransmissions with E-DPCCH repetition
Autonomous retransmissions – also referred to as TTI bundling - as a way of increasing coverage for EUL has been discussed several times in 3GPP (see, e.g. [10, 11, 12, 13]). In this approach, the UE makes several consecutive transmissions of the same packet without waiting for an associated HARQ acknowledgment. This allows the UE to retransmit more times before the maximum packet delay budget is reached, thereby increasing the energy per bit which leads to increased coverage.

Repetitions and/or HARQ retransmissions are powerful means of increasing coverage. Each new transmission increases the received power and gives a potential diversity gain. The main cost for this is increased latency and potentially an impact on higher-layers, for example re-tuning of timers.

One key parameter is the number of HARQ processes, which equals four and eight for 10 and 2 ms TTI, respectively. The number of HARQ processes should match the round-trip time between the UE and Node B, including their respective processing time, to allow for continuous transmission to a UE. Using a larger number of processes than motivated by the round-trip time does not provide any gains but introduces unnecessary delays between retransmissions. For autonomous retransmissions (Solution 1) the current number of HARQ processes can either be kept or reduced. Keeping the number of HARQ processes might simplify the specification impact and could facilitate relaxed processing requirements. However, to keep the delay low, it seems more reasonable to decrease the number of HARQ processes and keep current HARQ timing requirements (see Figure 1). The number of HARQ processes would then be a function of the TTI length and the bundle size and set in order to satisfy the HARQ timing requirements (see Figure 2). One observation is that for delay tolerant SDT applications there might not be a strict requirement on the delay budget, rendering bundling less relevant. Nevertheless, longer total transmission times imply that associated timers and reordering buffers need to be extended and potentially made more flexible to accommodate a combination of legacy and bundling operation. 

Another very important aspect concerns to the receiver processing needs and hardware impacts. More specifically, it is highly desirable that any modification to the current standard can be implemented on legacy hardware. One example is that the antenna buffer handling should remain untouched and TTI based processing should be kept. For autonomous retransmissions, it follows that several consecutive TTIs associated with the same HARQ buffer need to be processed compared to a single TTI for legacy operation. As long as the number of buffers, buffer sizes and number of parallel processing chains (channel elements) can be kept, there is in principle no difference between legacy and TTI bundling based processing. However, a detailed analysis of the autonomous retransmission operation is needed to ensure that receiver and hardware aspects are not severely affected. 

As discussed before, the main reason for considering autonomous retransmissions is that the total received energy per information bit is not enough for successful detection/decoding within the delay budget constraint. A related and more interesting problem occurs if the received energy per bit in one TTI is not enough to detect/decode the control channel (E-DPCCH) even though the gain factor setting is optimized. In this case, one can either re-allocate the power from data to control (as proposed in [14]) or apply repetition of the E-DPCCH (as proposed in [15]). The latter approach has implications on existing receiver processing and hardware structures. If the E-DPCCH cannot be detected/decoded in one TTI, then data from several TTIs needs to be stored or accumulated until the power is enough for successful detection/decoding. To avoid having to extend the antenna buffer that contains data from all users, it follows that data needs to undergo user-specific processing (descrambling/despreading) before being stored. One problem is that without detecting/decoding the E-DPCCH, the spreading factor of the E-DPDCH is unknown. Hence, either despreading with a minimum spreading factor needs to be done (with later post-processing once the correct spreading factor is known) or several hypothesis need to be assumed and saved. This processing can be simplified by imposing restrictions on which E-TFCIs that support E-DPCCH repetition. Nevertheless, it seems likely that E-DPCCH repetition can have significant impact on the receiver processing and hardware aspects.

Another important aspect to consider for autonomous retransmissions is that both the UE and the network need to have a consistent view of the transmission scheme. Since the uplink employs synchronous and non-adaptive hybrid-ARQ operation, i.e. retransmissions occur at a predefined time after the original transmission, this essentially means that the starting time of a TTI marking the beginning of a block of autonomous retransmissions needs to be well-defined. In principle, one can avoid synchronizing the starting time, but that would increase the complexity of the receiver and negatively affect the performance due to more intricate receiver processing and a number of possible error cases. In essence, a sliding window receiver structure could be implemented if the Node B does not know at what time instant a first transmission in a block of autonomous retransmissions occurs. The transmission attempt within a block of autonomous retransmissions could be signalled, but this would require a new control channel format and would not be sufficient if repetition is required to detect the control information. Hence, a better approach is probably to pre-define the starting time, e.g. by define rules based on the CFN/SFN. A related aspect is how to switch between legacy and TTI bundling operation. A very robust mechanism would be required since the switch typically would occur in already bad radio conditions.  
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Figure 1
Autonomous retransmissions for 10 ms TTI with bundle size equal to 4 – (a) Keeping existing number of HARQ processes (b) reducing the number of HARQ processes.
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Figure 2
Timing relations for 10 ms TTI.

3 Conclusions 

Autonomous retransmissions are mainly of interest if the delay budget is limiting the number of required retransmissions. Another reason is that control channel repetition could be simpler to implement with consecutive transmissions due to more limited buffer requirements. One conclusion is therefore that for delay tolerant SDT applications, autonomous retransmissions are mainly of interest if control channel repetition is deemed necessary.
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