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1. Introduction

The WID for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation [1] was approved in RAN#58 meeting. In the WID, one objective is target for time scale signalling schemes which is as following

· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s), e.g.

· HARQ/scheduling timeline, 

· RLM/RRM measurements, 

· CSI reporting;

During study item phase, several time scale signalling schemes were studied and determined to have further study in work item [2], which are as following. 
· System information signalling
· RRC signalling
· MAC Control Element signalling
· Physical layer signalling
In this paper, for each scheme, we give the analysis, considerations and discussions for possible issues.

2. Time Scale Signalling Schemes
2.1. System information signalling
System level signalling is the kind of broadcasting information with relatively large latency for TDD reconfiguration. In [2], two kinds of system level signalling are considered i.e. Rel-8 SI and ETWS notification procedure. 
· By using Rel-8 SI procedure, TDD configuration is indicated in SIB1 and it means both legacy UEs and new UEs can re-use the signalling of the TDD reconfiguration. However in this case, eNB may not know whether UE is successfully configured with new TDD configuration or not since there has no confirm message from UE. The impact to specification by using such system level signalling is minor but still need to discuss the procedure when TDD configuration is changed, since in Rel-8, TDD configuration is expected to only change when eNB powers down. Most importantly, the time scale of Rel-8 SI is as large as to 640ms.

· By using ETWS notification procedure, the time scale is 320ms which is much smaller than Rel-8 SI. However similarly as Rel-8 SI, e-NB does not know whether UE is successfully configured with new TDD configuration. And there still has ambiguity problem between e-NB and UE. 
ETWS notification is detected after reading paging message, then paging indication is anyway needed,  then it may worth to study whether indicating the TDD reconfiguration in the paging message is feasible or not. Using paging message will save the procedure to receive SIB1 and new SIB in ETWS notification procedure, but similarly there has no confirmation message from UE and e-NB does not know whether UE is successfully configured with new TDD configuration or not.
Proposal 1: Paging message can be considered as an alternative to do TDD re-configuration besides Rel-8 and ETWS notification procedure.
2.2. RRC signalling
RRC signalling is a UE-specific signalling with about 200ms time scale. New IEs in RRC signalling may be introduced to indicate TDD reconfiguration. RRC signalling is rather reliable because of HARQ functionality in MAC layer and ARQ functionality in RLC layer. And also, RRC configuration complete message from UE can confirm the new TDD configuration was applied already. 
There has still ambiguity period before e-NB get the RRC configuration complete message from UE, but this can be easily solved by scheduling restriction. The problem is that RRC signalling is a UE-specific signalling which may increase the signalling overhead, however such problem is minor considering Femto or Pico cell do not serve much UEs. 

Observation 1: RRC signalling to indicate TDD reconfiguration is a promising way forward if large latency does not reduce the traffic adaption gain too much.

2.3. MAC Control Element signalling
MAC control element (CE) can be used to indicate TDD reconfiguration as well, to reach an even less time scale than RRC signalling e.g. tens of ms. MAC CE has moderate reliability but there has no error handling scheme, e.g. e-NB cannot know whether UE is successfully configured with new TDD configuration because of NACK to ACK error. 

There could be two kinds of options to implement MAC signalling: 
· Introduce new MAC CEs, or 
· Reuse existing MAC CEs.

Introducing new MAC CE is the straightforward way, and new procedure needs to be defined for such kind of signalling, e.g. on ambiguity handling of the signalling, and the HARQ timing determination based on the new signalling. Actually, considering that in CC-specific TDD scenario in Rel’11, there are also multiple TDD configurations, which is similar like the co-existence of SIB1 indicated TDD configuration and the reconfigured TDD configuration in eIMTA. The difference is that now the two TDD configurations are in same carrier. Then it is worthwhile to study whether we can reuse the existing MAC CE for carrier aggregation e.g. CA activation/deactivation command. Compared with new MAC CE, reuse CA activation/deactivation command can reuse the HARQ timing that already defined for CC specific TDD configuration, which could avoid extensive discussions on HARQ timeline again.
Observation 2: MAC signalling is not as attractive as RRC signalling from signalling reliability point of view. But reusing CA MAC signalling can reuse HARQ timing of CC specific TDD configuration, which is a potential way to reduce specification work.
2.4. Physical layer signalling
By using physical layer signalling, the shortest TDD reconfiguration time scale i.e. 10ms can be reached. Possibly there are several kinds of implementations.
· Alternative#1: scheduling based implicitly TDD reconfiguration, i.e. when there has UL scheduling or UL transmission, the sub-frame is regarded as UL sub-frame; otherwise UE will regard such sub-frame as DL sub-frame. One potential problem is that unscheduled new UEs cannot measure flexible sub-frames since they do not know whether flexible sub-frame is actually DL sub-frame or UL sub-frame and thus don’t know if there has CRS or not. But such scheme does not need to introduce new physical layer signalling or new physical channels.
· Alternative#2: introduce new physical channel to broadcast the TDD reconfigurations to all UEs. To avoid the impact to legacy PDCCH decoding, such one possible implementation of the new physical channel might use reserved PHICH resource or reserved CCE in PDCCH region. The advantage of such scheme is that TDD configuration can be indicated clearly to UEs. But such new physical channel needs to be designed very reliable so that UE does not miss detect the signalling. And there is also no confirmation from UE whether the new TDD configuration is successfully configured or not. And this will introduce large specification impacts. 
· Alternative#3: Use PDCCH scrambled with new RNTI or reuse existing RNTI to indicate TDD reconfiguration. For example, PDCCH scrambled with P-RNTI can be reused since the reserved bits in PDCCH can be utilized to indicate TDD reconfiguration. The most concern for such scheme is the reliability.

· Alternative#4: Use PBCH to indicate TDD UL/DL change [4]
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 \* MERGEFORMAT [5]. Using PBCH can reach 40ms time scale, but this needs to change specification and UE behaviour since currently MIB change is based on modification period and UE do not required to always monitor PBCH. And additional power consumption is needed to decode PBCH. Moreover, if in the future flexible TDD is utilized in NCT which may not has PBCH, such method cannot be used anymore. 
Physical signalling can reach the shortest time scale which could bring the largest flexible gain, and it can also be utilized with any kind of TDD reconfiguration periodicity. So if physical signalling can be designed with considerable reliability, it is a very promising way forward.
Observation 3: Physical layer signalling is a promising way forward. The detail solutions are FFS
3. HARQ Impact
HARQ impact happens for all kinds of TDD reconfiguration time scale. When TDD UL-DL configuration was changed, the corresponding HARQ parameters and timeline is also changed based on Rel-8 scheme. When TDD UL-DL configuration is changed more frequently, HARQ is also changed more frequently so the impact on HARQ will be larger. HARQ impact mainly on two aspects: HARQ process and HARQ timeline.
· HARQ Process Impact

When TDD UL-DL configuration is changed, HARQ process number is changed. HARQ process number is possibly decreased after TDD UL-DL configuration change. Then on-going retransmissions on some HARQ processes may be missed. The most straightforward solution is to flush HARQ buffer for these HARQ processes but HARQ performance will be decreased. When flush HARQ buffer happens more frequently as TDD reconfiguration is more frequently, the impact on HARQ performance will be increased. As an alternative, to avoid HARQ loss, TBs from multiple HARQ processes can be considered to be transmitted in the same sub-frame after TDD UL-DL configuration change.
· HARQ Timing Impact

During the TDD reconfiguration, some sub-frames need to change the HARQ timeline so that the corresponding feedback or scheduling were not missed. Such kind of sub-frames can be called “boundary sub-frames”.  For example in the following figure, for SF#8 in TDD configuration 1, the DL feedback should be in SF#4 according to the HARQ timeline of TDD configuration 1. However, in the next period TDD is reconfigured to TDD configuration 0, in which SF#4 is an UL subframe and DL feedback is then missing. The problem may also happen for UL feedback and UL scheduling. Solutions for such kind of problem need to be considered, e.g. in the example of following figure, if DL feedback can happen in SF#5 of TDD configuration 0, it will be the best.
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Figure 1 Example of HARQ timeline issues for boundary subframes
To solve such problem, HARQ timeline for boundary sub-frames can be re-defined. Or a reference TDD configuration timing can be indicated for HARQ timeline like in CC specific TDD case. One solution proposed in [3] is to use the fixed reference TDD configuration for HARQ timeline, e.g. using TDD configuration 2 as the reference for DL HARQ timeline and using TDD configuration 0 as the reference for UL HARQ timeline. However, using TDD configuration 2 as the DL HARQ timeline reference will limit the TDD flexibility since TDD configuration 3, 4, 5 cannot be used. Such scheme needs to be discussed further.
Proposal 2: HARQ process issues and HARQ timing issues need to be considered when design new solutions
4. Conclusions
In this paper, we discussed possible signalling solutions for each time scale, and also analysis the corresponding HARQ impact. Based on the discussion we have the following proposals and observations:

Proposal 1: Paging message can be considered as an alternative to do TDD re-configuration besidesRel-8 and ETWS notification procedure.

Proposal 2: HARQ process issues and HARQ timing issues need to be considered when design new solutions

Observation 1: RRC signalling to indicate TDD reconfiguration is a promising way forward if large latency does not reduce the traffic adaption gain too much.

Observation 2: MAC signalling is not as attractive as RRC signalling from signalling reliability point of view. But reusing CA MAC signalling can reuse HARQ timing of CC specific TDD configuration, which is a potential way to reduce specification work.
Observation 3: Physical layer signalling is a promising way forward. The detail solutions are FFS
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