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Discussion 
1 Introduction

TTI bundling was introduced in Rel-8 with many things unspecified due to lack of time. Recently, IOT discovered couple of issues requiring common understandings between NW and UE. This contribution discusses following two issues.

· The point of time when TTI bundling starts/stops
· UE behavior if UL grant does not comply with the current bundling pattern 
2 Discussion
Bundling Pattern

The basic time unit of TTI bundling transmission is different from that of other activities (e.g. grant transmission/reception, PHICH transmission/reception). It means bundled PUSCH transmission is patterned with 4TTIs while relevant DL signal is not constrained with the pattern at least in the specification point of view. It may lead to so called collision between bundles.
As a simple example, let’s assume the first UL grant after TTI bundling having configured is received at n. Then the PUSCH transmission of the HARQ process occur with 4 ms transmission period and 16 TTI periodicity (e.g. n+4 ~ n+7, n+20 ~ n+23, n+36 ~ n+40 and so on). For other HARQ process’s transmission not to collide, they should be performed according to the 4 ms TTI pattern established from the first UL grant. To be aligned with such PUSCH transmission pattern, UL grant should be issued with 4 ms distance with each other.
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Fig 1
Whether or not such pattern needs to be explicitly defined in the specification has been discussed during Rel-8 timeframe, and it was concluded that we may rely on reasonable UE implementation and NW implementation. The problem is there could be multiple of reasonable implementations. The underlying principle is that there should be no collision between bundles. This principle can be achieved by different ways.
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Fig 2

In the first approach, the pattern is established upon the first UL grant is received and never changes after then. UL grant not complying with the pattern is ignored by the UE. It would be the simplest approach working fine for most cases. One problem is that if pattern is established incorrectly (e.g. due to false alarm), TTI bundling does not work. 
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Fig 3

In the second approach, the pattern is established as in the first approach. The pattern is re-established when UL grant is received while all the HARQ buffers are empty. UL grant not complying with the pattern is ignored by the UE. Wrong pattern problem is much less severe in this approach because the wrong pattern would be released sooner or later.
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Fig 4

In the third approach, multiple patterns can be established as long as they do not collide with each other. It provides scheduling flexibility to the ENB.
We don’t see any motivation for ENB to have multiple patterns. There would be many UEs with TTI bundling configured. It is most logical for ENB to apply a single pattern for all those UE to maximize the resource utilization. Otherwise, PRBs used for TTI bundling would be fragmented in time domain which makes some resource unusable. 

In that sense, approach 1 would be good enough. However, there is some risk of desynchronized pattern due to e.g. misunderstanding on the first UL grant or due to false alarm. We assume approach 2 is the one to be chosen. 
Proposal 1: the UL grant received when all the HARQ buffers are empty and TTI bundling is configured establishes the pattern. The pattern is released when all HARQ buffers get empty. 
It can be formulated as below.
	When TTI bundling is configured, the parameter TTI_BUNDLE_SIZE provides the number of TTIs of a TTI bundle. TTI bundling operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to TTI_BUNDLE_SIZE. The HARQ feedback of a bundle is only received for the last TTI of the bundle (i.e the TTI corresponding to TTI_BUNDLE_SIZE), regardless of whether a transmission in that TTI takes place or not (e.g. when a measurement gap occurs). A retransmission of a TTI bundle is also a TTI bundle. The UL grant for bundle transmission received at n when all the HARQ buffers are empty restricts the subframes where further UL grants can be received such that UL grants are to be received at n+m * 4. UL grants received other than those subframes may be ignored by the UE. TTI bundling is not supported when the UE is configured with one or more SCells with configured uplink.


The point of time when TTI bundling starts/stops

TTI bundling is configured by RRC with ttiBundling in MAC-MainConfig and to be applied from the first PUSCH transmission since then. Ambiguities arise such as;

· PUSCH retransmission triggered before TTI bundling configured may continue after TTI bundling is configured
· The point of time when UE complete RRC message processing is not known to the ENB

One possible approach to handle above would be to specify which UL grant is the first one and what is the UE behaviour upon receiving it, which would bring considerable specification change. More attractive way would be to rely on ENB implementation that those ambiguities never occur. It can be achieved with the intra-cell handover as shown below.
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Fig 5

Due to the fact that TTI bundling is not applied to Msg 3, the point of time that TTI bundling starts is different depending on whether dedicate preamble or random preamble is used. One can argue that intra-cell HO is just one of possible ways and nothing needs to be specified or captured. However, in UE implementation point of view (and consequently IOT point of view), it would be very desirable to have a clear view on how TTI bundling will be configured or released. Otherwise, UE implementation should first identify all the possible scenarios and take all of them into account. Even with such extensive implementation, the risk of IOT failure remains. 

Proposal 2: To agree that intra-cell handover is used to configure and release TTI bundling 
Proposal 3: To capture the proposal 2 in the meeting minute.
3 Discussion on the need for the scheduling flexibility
Scheduling flexibility should not be restricted if it does not induce additional UE complexity. In the context of TTI bundling, the flexibility certainly means UE implementation change and complexity, which can be justified only if there is significant use case.
In our view (both in Samsung UE and Samsung Network), the flexibility (i.e. dynamic scheduling) is not really necessary. Dynamic pattern means shifting the current pattern 1 ~ 3 TTIs. There seems no real motivation for this shifting because 1) TTI bundling and non-bundling are separate in frequency resource point of view (i.e. for a certain RB, only bundled transmission or non-bundled transmission is performed) hence do not impact each other; 2) producing 1 ~ 3 ms time difference does not provide any real gain in terms of channel condition.
Even if there is some gain in dynamic pattern, it is questionable whether the gain is big enough to overcome the resource fragmentation problem.

Let’s assume RB x and RB y are reserved for TTI bundled transmission. For RB x and RB y, resource is allocated with 4TTI interval. At some point of time, eNB decides to shift the pattern by n TTIs for the UE A as shown below. Then all the subsequent UEs should be shifted as well. There are n TTI’s misalignment waste where the resource cannot be used neither for TTI bundled transmission nor non-bundled transmission (because after then there is no room for non-bundled retransmission).
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Fig 6
All in all, due to the fact that TTI bundle shift causes resource waste and that there is no clear gain from that, we believe that supporting dynamic TTI bundling pattern is not the primary goal of our specification.
Proposal 4: To agree that the specification is not optimized to dynamic TTI bundling scheduling
4 Conclusion
To avoid IOT problems, it is proposed to specify UE behaviour regarding pattern establishment (proposal 1), to agree to use intra-cell handover for TTI bundling configuration (proposal 2) and to agree that no specification change is needed to support dynamic TTI bundling scheduling in optimum way (proposal 4).  Only proposal 1 has specification impact. A draft CR for Release 11 with magic sentence is presented in [1].
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