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Discussion and decision
1 Introduction

In the WID of eIMTA, one objective is to specify appropriated reconfiguration signalling schemes [1]. Meanwhile, measurement and HARQ timeline should be considered and enhanced if necessary, which is presented as follows in particular,
· 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;
In this contribution, we will make analysis on them, especially as the impacts for legacy UE and Rel-12 UE.
2 RLM/RRM measurement
From the perspective of throughput gains, UL-DL reconfiguration with higher change frequency is preferred, which can be supported through lower-layer signalling mechanism, e.g. PHY signalling. When the UL-DL configuration indicated by PHY signalling is different from the one indicated by SIB-1, there might be some problems with RLM/RRM measurement for legacy UE.
For Rel-10/11 UE, the subframe-restricted measurement is introduced for eICIC, based on which the misunderstand of DL subframes can be avoided and measurement accuracy can be maintained, e.g. fixed subframe #0, 1, 5, 6 can be used as measurement subframes. But for Rel-8/9 UE, more considerations are required on the possible measurement impacts. In the case of UL-to-DL changing, there seems no problem since the measurement subframes considered by legacy UE are not changed. But in the case of DL-to-UL changing, the absence of CRS will reduce the measurement accuracy severely.
In order to minimize the impacts on legacy UE, DL-to-UL changing is not wanted obviously, that is to say, the UL-DL configurations with more UL subframes, e.g. configuration #0, are suggested to be used for legacy UE, and only UL-to-DL changing is used to obtain throughput gains for Rel-12 UE. However, it will restrict the reconfiguration flexibility obviously. Moreover, if configuration #0 and #6 are used for legacy UE, UL-to-DL changing will make a great impact on the UL-HARQ transmission of legacy UE, which will be stated detailedly in section 4. Therefore, DL-to-UL changing has to be considered, and solutions for measurement issue should be investigated.
Compared with normal subframe, CRS REs in MBSFN subframe are reduced much more, where only PDCCH region has CRS port 0, 1. Therefore, let flexible subframe be configured as MBSFN subframe will mitigate much deterioration of RLM/RRM measurement for legacy UE. Besides that, DRX is also a possible solution. Particularly, common DRX configuration are used for all legacy UEs, and then DL-to-UL changing is prohibited during the on-duration period, but permitted during DRX period. Obviously, the drawback is that the data transmission of legacy UE will be restricted.
· Proposal: MBSFN subframe and DRX can be considered to mitigate the impact on RLM/RRM measurement for legacy UE.
3 CSI measurement
As the transmission direction of flexible subframes cannot be confirmed by legacy UE, the accuracy of CSI measurement will be deteriorated due to the absence of CRS. Considering the backward compatibility and reconfiguration flexibility, CSI measurement should be performed on fixed subframes. Such restriction of CSI measurement can be realized through MBSFN subframe configuration for Rel-8/9 UE, since CSI measurement cannot be performed on flexible subframe if it is configured as an MBSFN subframe. For Rel-10/11 UE, the function of CSI measurement subframe restriction motivated for eICIC can be used in this scenario straightforward.
When UL-DL configuration is enabled, it can be expected that the channel parts are similar between fixed subframe and flexible subframe, but the interference parts change seriously. Therefore, multiple CSI measurement should be performed on both fixed subframe and flexible subframe for Rel-12 UE to provide assistance for eNB scheduling. One possible drawback of multiple CSI measurement/report is the feedback overhead, but it might not be a big issue in the lower-load application scenario. For CoMP in Rel-11, multiple CSI measurement has been supported, so it can be a starting point to investigate CSI measurement enhancement for eIMTA.
· Proposal: multiple CSI measurement/report is suggested to be considered, and CSI measurement mechanism of CoMP can be a starting point for further enhancement.
4 HARQ timeline
However, if lower-layer signalling is introduced to indicate UL-DL reconfiguration, there will be a different understand of current UL-DL configuration between legacy UE and Rel-12 UE, which will make an impact on the data transmission of legacy UE.
For the case of DL subframe changing to UL subframe, available DL subframes are restricted but no other impacts on DL transmission are there for legacy UE, because the HARQ-ACKs of unchanged DL subframes can be fed back normally. For UL transmission, when the changed subframe is required to transmit UL grant according to the UL-DL configuration indicated by SIB-1, scheduling restriction may occur, particularly data transmission on the corresponding UL subframes is forbidden for legacy UE. For the other case of UL subframe changing to DL subframe, if the changed subframe is required for HARQ-ACK feedback according to the UL-DL configuration indicated by SIB-1, data transmission on the corresponding DL subframes should not be permitted. For UL transmission, when the UL-DL configuration with 10ms RTT is indicated by SIB-1, i.e. UL-DL configuration (#1, 2, 3, 4, 5), there seems no serious problems except the changed subframe cannot be scheduled for UL transmission. However, if UL-DL configuration (#0, 6) is indicated by SIB-1, transmission direction change will make a serious impact on the transmission or retransmission of all UL-HARQ processes. Moreover, such impact will become more serious as the number of changed subframes increase. Based on the analysis above, TDD UL-DL configurations with 10ms RTT have less impact and are suggested to be used for legacy UE.
· Proposal: TDD UL-DL configurations with 10ms RTT can be used for legacy UE.
For Rel-12 UE, different UL-DL configurations are used before and after reconfiguration means that additional HARQ timeline designs are required around reconfiguration boundary to maintain scheduling and HARQ-ACK feedback well for all subframes. For DL-HARQ, if the DL subframe set of old UL-DL configuration is the superset of new UL-DL configuration, there is no big issue that all DL subframes of old UL-DL configuration have their corresponding subframes for HARQ-ACK feedback. Otherwise, there are some DL subframes cannot find the feedback positions which needs the help of additional timeline define. For UL-HARQ, HARQ timeline should be redefined since UL-HARQ is a synchronised HARQ and the number of HARQ processes is different between old and new UL-DL configurations. 
There are two options mainly for HARQ timeline design for reconfiguration boundary, which are,
· Opt1: Use HARQ timeline of specific reference UL-DL configuration;
· Opt2: UL-DL configuration with largest number of DL subframes and that with largest number of UL subframes are used as reference configuration for DL and UL HARQ respectively;

The key of Opt1 is to determine the reference UL-DL configuration specific for each combination of old and new UL-DL configuration. However, no matter what principles are used for the reference configuration determination, fallback subframe, i.e. the subframe whose HARQ timing is not changed when UL-DL reconfiguration is performed, is an important factor that should be considered, because of the ambiguity period during which eNB cannot confirm that UE has received the reconfiguration signalling correctly, or applied the reconfiguration already. Detailedly, eNB can schedule data transmission on fallback subframes to communicate with UE in ambiguity period without any problem. Fallback subframe will bring some restrictions on the reconfiguration flexibility, if only current HARQ timing is used. In particular, the reconfiguration combinations which does not have fallback subframe according to their HARQ timing rule, should be prohibited. Moreover, there are some configurations supporting similar or even same UL/DL resource ratio, e.g. Conf. #2 and #4. Therefore, it is not necessary to support all possible reconfiguration combination, and all possible reconfiguration combination can be achieved through two-step reconfiguration. With Opt2, the reference UL-DL configuration is fixed no matter what reconfiguration occurs. However, if configuration #0, 6 are used as reference configuration for UL-HARQ, there is a big issue that UL retransmission cannot be maintained if UL-to-DL changing occurs. But if only configurations with 10ms RTT are allowed to be used as reference, the flexibility of reconfiguration will decrease with a large degree, so that throughput gains from eIMTA reduce heavily.
· Proposal: Fallback subframe should be considered in HARQ timeline design for UL-DL reconfiguration.
· Proposal: It is suggested to prohibit some reconfiguration combinations.
5 Conclusions
In this contribution, we have presented proposals as follows,

· Proposal 1: MBSFN subframe and DRX can be considered to mitigate the impact on RLM/RRM measurement for legacy UE.

· Proposal 2: multiple CSI measurement/report is suggested to be considered, and CSI measurement mechanism of CoMP can be a starting point for further enhancement.
· Proposal 3: TDD UL-DL configurations with 10ms RTT can be used for legacy UE.

· Proposal 4: Fallback subframe should be considered in HARQ timeline design for UL-DL reconfiguration.

· Proposal 5: It is suggested to prohibit some reconfiguration combinations.
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