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1 Introduction

During RAN2 #61bis meeting some RAN2 aspects of the three solutions for subframe bundling proposed by RAN1 in [1] were discussed. The three proposed solutions which make use of subframe bundling to improve uplink coverage are summarised in Annex A. 

The different solutions for subframe bundling were compared from a RAN2 perspective in [5]. All of them were considered feasible; however they have different levels of complexity and different impact on RAN2 issues.
According to all aspects investigated in [5] and summarized in Table 1 in Annex B, Alcatel-Lucent concluded that Alternative 2 should be selected as the bundling solution for LTE for two main reasons:

· Low complexity compared to Alt.3 due to lower collision probability with UEs not using bundling 

· Better performance due to the reduced latency and no modification of the RTT compared to Alt.1 and Alt.3

While it is true that Alt. 2 results in some unnecessary retransmissions compared to the other alternatives, it obtains the highest coverage extension for a given latency target, which is the primary goal of this enhancement technique.

In this contribution we discuss the implications for HD-FDD and TDD operation for Alt.1 and Alt.2. We have not considered Alt.3 given disadvantages discussed in [5], namely the challenge posed by the fact that it does not fit to the current HARQ RRT operation and therefore poses a significant challenge to the UL scheduler and wastes resources.
2 HD-FDD and TDD Aspects

With HD-FDD and TDD, the level of subframe bundling as well as the maximum number of HARQ retransmissions must be restricted due to the restrictions imposed by the Tx/Rx timing.
2.1 HD-FDD 

As shown in Figure 1(a) below for Alt.2, a grant can be sent from the eNB which allows the UE to bundle 4 subframes before requiring a gap in transmission. This is due to the fact that the UE must switch to reception in subframe k+4 to receive the ACK/NACK for a bundle that starts in subframe k. If we use a subframe bundle of 4 subframes, this would leave a gap of 3 subframes, which is then not possible to fill with retransmissions from previous voice packets which are using a 4 subframe bundle. In this case we would need to restrict to a maximum of 3 HARQ transmissions (i.e. 2 retransmissions) to avoid queue build-up. This means that every voice packet will occupy 12ms of air interface time (recall that in full duplex FDD we could use more HARQ transmissions and occupy a full 20ms of air interface time for improved coverage). Note that a similar restriction will also take place for Alt. 1 as shown in Figure 1(b), only the latency for Alt.1 is doubled, as discussed in [5]. Also note that in Alt.1 that successive voice packets become interlaced, meaning the transmission of a new voice packet takes place before the last transmission of the previous packet potentially finishes; this is possible because of the increased HARQ RTT with Alt 1 (which also results in increased latency).
However, note that with Alt.2, if we wish to maximally utilize the available uplink transmission opportunities with HD-FDD, we can consider a bundle up to 7 subframes and use a maximum of 3 HARQ transmissions as shown in Figure 2(a) for 7 subframes. Here a gap in transmission occurs in the middle of the bundle to receive the ACK/NACK. We can see in Figure 2(b) that with a 7 subframe bundle we can have at most 2 HARQ transmissions with Alt.1, otherwise there would not be enough space to fit successive voice packets. In fact, it is clear from the figures that with Alt.1 we can only have a maximum subframe bundle of 4 if we want to have a max of 3 HARQ transmissions. Any larger subframe bundle requires us to reduce the number of HARQ transmissions.
Conclusion for HD-FDD: While both Alt. 1 and Alt. 2 can work with HD-FDD operation, Alt.2 allows for lower latency and a better coverage extension for a given latency target.
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Figure 1(a): HD-FDD operation with 4 subframe bundling for Alt.2, can have a max of 2 HARQ retransmissions.
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Figure 1(b): HD-FDD operation with 4 subframe bundling for Alt.1, can have a max of 2 HARQ retransmissions.
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Figure 2(a): HD-FDD operation with 7 subframe bundling for Alt.2, can have a max of 2 HARQ retransmissions.
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Figure 2(b): HD-FDD operation with 7 subframe bundling for Alt.1, can only have a max of 1 HARQ retransmission.
2.2 TDD 

With TDD, the different UL/DL subframe allocation options lead to a different number of HARQ processes for the different options as well as variability in the HARQ RTT between options [4], hence the level of subframe bundling that can be used depends on the particular UL/DL subframe allocation chosen, as the level of subframe bundling is ultimately limited by the number of HARQ processes available. 
If we take as an example the option 2DL/1ST/2UL in [4] which allocates an equal number of UL and DL subframes, then we have 4 HARQ processes and the HARQ RTT is 10ms (see figure 2 copied from [4]). Here we can have at most a 4 subframe bundle (given that only 4 HARQ processes are available). With Alt. 2 we will maintain the 10ms HARQ RTT, and can allow a maximum of 2 HARQ transmissions (i.e. 1 retransmission). However with Alt. 1 the HARQ RTT increases to 20ms, which means HARQ retransmissions take place at the same period as the voice frame arrival, which is undesirable. This means for example that with the 2DL/1ST/2UL option we cannot have any HARQ retransmissions with Alt.1. 

Conclusion for HD-FDD:  We feel that Alt.2 is better suited to work with all of the TDD UL/DL subframe allocation options compared to Alt. 1.
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Figure 3: Timing Diagram for UL HARQ for TDD

3 Conclusion
According to all investigated aspects in [5] and to HD-FDD and TDD analysis, Alcatel-Lucent thinks that Alternative 2 should be selected as the bundling solution for LTE for three main reasons:

· Low complexity compared to Alt.3 due to lower collision probability with UEs not using bundling 
· Better performance due to the reduced latency and no modification of the RTT compared to Alt.1 and Alt.3
· Better suited to work with all of the TDD UL/DL subframe allocations compared to Alt. 1. 
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Annex A: - Three Alternatives considered for Subframe Bundling

RAN1 selected three feasible alternatives for subframe bundling as considered in the reply LS [1] and summarized below.
Alternative 1 

· ACK/NACK feedback transmitted in the (LAST Bundled Subframe + 4)
· HARQ RTT for Bundling (FDD):  Subframe for Retransmissions = FIRST Bundled Subframe + 2*8ms HARQ RTT 
( The 8ms HARQ round-trip time is doubled
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Figure 4: Alternative 1 of bundling for FDD.
Alternative 2 

· ACK/NACK feedback transmitted in the (FIRST Bundled Subframe + 4)
· HARQ RTT for Bundling (FDD):  Subframe for Retransmissions = FIRST Bundled Subframe + 8ms HARQ RTT
 ( HARQ RTT for Bundling = 8ms HARQ RTT 
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Figure 5: Alternative 2 of bundling for FDD.

Alternative 3 

· ACK/NACK feedback transmitted in the (LAST Bundled Subframe + 4)
· HARQ RTT for Bundling (FDD):  Subframe for Retransmissions = FIRST Bundled Subframe + number of bundled subframes + 8ms HARQ RTT ( HARQ RTT depends on the number of bundled subframes and it is not necessarily a multiple of the current HARQ RTT as for Alternative 1

( HARQ RTT for Bundling is different from the 8ms HARQ RTT 
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Figure 6: Alternative 3 of TTI bundling for FDD.

Annex B- Summary Comparison of Alternatives
A summary of RAN2 impact and comparison of benefits and drawbacks of each solution is provided in the table below according to the analysis described in [5].
	
	Alternative 1 
	Alternative 2 
	Alternative 3 

	RRC signalling
	- To switch on/off the bundling per UE

- To configure the number of bundled subframes, if not fixed in the specification

- To reconfigure the maximum number of HARQ re-transmissions, if not supported by some alternatives (higher impact on Alt.1 due to longer HARQ RTT)

	ACK/NACK and subframes time relationship
	- ACK/NACK linked to the last bundled subframe
	- ACK/NACK linked to the first bundled subframe ( it may cause unnecessary retransmissions
	- ACK/NACK linked to the last bundled subframe

	HARQ RTT and Latency
	- Double Current HARQ RTT

- latency increase 
	- no change in HARQ RTT

- no impact on latency
	- Different HARQ RTT

- latency increase, however less than for Alt1

	Max number of HARQ re-transmissions
	- reduced by the increased HARQ RTT
	- not affected
	- possible slight decrease due to the increased latency

	Performance comparison
	According to simulation results in [2] Alt.2 provides 1 to 3 dB coverage improvement compared to Alt.1


	n/a however similar to Alt.2

	Collisions with semi- persistent
	- no impact compared to the non bundling case

	Interaction with other UEs not using bundling
	- unused 8 ms gaps from bundling cannot be allocated to other UEs with 8ms RTT since their re-transmissions would always collide with the UEs employing subframe bundling
	- no impact
	- high risk of collision due to different RTT, not multiple of the current HARQ RTT

	Scheduling Complexity
	Low
	Low 
	High

	Collisions with RACH
	- no impact (no specific UE behaviour is defined in case of collision)


Table 1: comparison among the three alternatives
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