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1 Introduction
Signalling mechanisms for TDD UL-DL reconfiguration have been extensively discussed in previous meetings and in RAN1 #72bis, the following agreement was achieved: 

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 
· PHY signaling (not including PBCH/MIB signaling), or 
· MAC signaling
· PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe
In this contribution, we further compare PHY and MAC signaling mechanisms for TDD UL-DL reconfiguration and present our views on this issue. 　 
2 Review of possible signalling mechanisms
2.1 MAC signaling 
Compared with PHY signaling, the time scale of TDD UL-DL reconfiguration by MAC signaling is slower than that of PHY signaling with the difference between the two being of the order of a few tens of ms.  As shown in [1], the performance of signaling mechanisms with the time scale of tens of ms is similar, in UL and DL, as that of 10ms time scale. Note that in typical and realistic scenarios, the UL-DL traffic will not fluctuate so rapidly. 

Therefore, MAC signaling is effective enough to track the traffic adaptation. 
Another challenge of MAC signaling is the possible ambiguity between eNB and UE if the eNB does not know the exact time when a UE applies a new TDD UL-DL reconfiguration. In order to avoid this problem, a time stamp giving an SFN and subframe number can be introduced in the MAC CE to indicate the exact timing when the eNB and UE apply the TDD UL-DL reconfiguration simultaneously. Thus the misunderstanding between eNB and UE on the valid time for reconfiguration can be avoided. 
Another possible cause of different UL-DL configuration assumptions between eNB and UE could be if a HARQ NACK corresponding to the PDSCH containing the MAC signaling were received incorrectly as an ACK by eNB. However, LTE is designed such that the probability of this happening is less than 10-3, which is an order of magnitude lower than the error rate for physical layer signalling on the PDCCH. 
For the details of MAC signaling, several candidate mechanisms have been proposed in the previous RAN1 discussions. 
In [2] [3], a common MAC signaling with a new RNTI or reusing existing RNTI for cell-specific notification of TDD UL-DL reconfiguration was proposed. With this method, one PDCCH with CRC scrambled by a new RNTI/existing RNTI would be transmitted on (fixed) DL subframes. Although this method saves MAC signaling overhead, it requires additional PDCCH resource and requires another CRC check. In addition, the issue with allocation of A/N resource in case when cell-specific RNTI is applied would need to be addressed.  
In [2], a solution to reuse the existing MAC CE signalling for the activation/de-activation of SCCs is proposed.  One byte MAC signaling is used for SCCs’ activation/de-activation, in which seven bits are used to indicate the state of seven CCs, and the other one bit is reserved. However, for UEs supporting CA and eIMTA simultaneously, using the spare bit to indicate the difference between the two would be needed. Furthermore, in order to notify TDD reconfigurations for a specific CC, a restriction that the MAC signaling is only delivered on PDSCH of the corresponding CC may be needed, in order to avoid needing an additional CC indicator. 
Alternatively, a dedicated MAC CE for both CA and eIMTA could be used. It would realize UE-specific configurations of eIMTA-capable UEs. Since the number of UEs or eIMTA-capable UEs is not very large, the signaling overhead of MAC CEs in PDSCH would be acceptable. A/N confirmation for the reconfiguration is also more feasible for dedicated MAC signaling. 
2.2 PHY signaling
An alternative proposal to support reconfiguration with a time scale of the order of 10 ms has also been proposed. It provides faster traffic adaptation compared to MAC signaling. However, whether such faster rate of adaptation is beneficial or not is unclear. As reported in [4], the typical reconfiguration period is longer than 100ms in most cases. 
Moreover, inter-cell coordination will typically be needed in order to manage the interference between cells when changing the UL-DL configuration, and the rate of TDD reconfiguration should therefore be related to the feasible backhaul update rate over X2, since it should be expected that backhaul coordination is also needed at the same rate to support interference coordination and mitigation mechanisms. 
Moreover, the decoding of PDCCH typically has an error probability of 1%, and this will result in erroneous understanding of the TDD configuration between the eNB and the UE.    
2.2.1 Explicit PHY signaling

Several alternatives for explicit L1 signalling for UL-DL reconfiguration have been proposed [5][6]. One proposal is to use common L1 signalling for Rel-12 UEs. To reduce the signalling overhead, common L1 signalling can be sent only on some predefined subframes. One drawback of this approach is that due to absence of feedback, the eNB will not know whether UE has missed detection or has wrong information due to false alarm. 
A new DCI with the same size of DCI format 1C could be used to carry the TDD reconfigurations, and a new RNTI or reusing existing RNTI, e.g. P-RNTI, for descrambling have also been proposed. However, this new DCI will further increase the load on the common search space of PDCCH, and the additional burden introduced by descrambling of CRC by another RNTI is also not negligible. Another disadvantage for common signalling is that all UEs need to monitor and decode the signalling every radio frame to get the latest UL-DL configuration. Misunderstanding between eNB and UE may also happen when UE wakes up from idle mode and misses the DL subframe carrying the TDD reconfiguration on the PDCCH. 
Another alternative is to use dedicated PHY signalling to transmit the UL-DL configuration to specific UEs. While this mechanism would result in similar specification impact as that for common L1 signalling, the signalling overhead is larger than that of common L1 signalling. 

Considering typical eIMTA scenarios where there is only a limited number of UEs with traffic that need to be served, dedicated signalling may be a better alternative compared to common signalling in terms of overhead and flexibility.
2.2.3 Implicit PHY signaling

With implicit notification of TDD UL-DL reconfigurations, the direction of each subframe is determined by UL grants and DL assignments. Although no explicit signaling overhead is generated, the following issues should be carefully considered:
-  Although this method realizes the TDD reconfiguration on subframe level, a new TDD UL-DL configuration different from the existing 7 TDD configurations may be introduced, since the UL-DL configuration could effectively be changed part way through a radio frame. This would be inconsistemt with the agreement from RAN1#72 where the current 7 configurations are maintained. In addition, it should be noted that the definition of TDD UL-DL configuration should also be consistent with the X2 TDD Subframe Assignment IE, which is based on 10 subframes.
-  eIMTA-capable UEs would need to monitor PDCCH/EPDCCH on every flexible subframe which increases the power consumption and the overall number of blind decoding operations.

- Since the reconfiguration granularity can be in the order of subframes, UEs would not be able to determine the exact TDD configuration applied resulting in unclear HARQ procedures, CSI measurement/reporting timing and SRS transmission for/on the flexible subframes. Additional solution/specification would be needed to ensure the feasibility of implicit signaling scheme, resulting in greater standardization impact. With dual reference TDD configurations for UL and DL proposed in [7] where HARQ timing of the flexible subframes follows the timing of the dual reference TDD configurations, the semi-static configured or fixed dual reference TDD configurations will impose constraints on the possible TDD configurations that could be used. In addition, a longer HARQ delay would be the penalty if conservative reference UL/DL TDD configurations are used.  
-  Heavy PUCCH overhead may also be generated on the UL subframes since it accumulates the PUCCH contents over all UL subframes.   
3  Discussion
Considering the pros and cons of the different options as discussed above, it seems that there are significant drawbacks associated with the implicit and explicit physical layer signalling mechanisms, and moreover the need for such a fast and dynamic mechanism is not clear when considering (a) the actual rate of traffic fluctuations, (b) the performance gain of dynamic reconfiguration, and (c) the rate at which inter-cell coordination can take place across the X2 interface. 

On the other hand, the timescale of MAC CE signalling seems appropriate, and some feasible solutions exist. Considering also that dedicated MAC CE signalling is already used for SCCs’ activation/de-activation after extensive discussions and studies, it seems also a feasible and reasonable solution for TDD UL-DL reconfiguration, with acceptable reliability that is at least as good or better than physical layer signalling. 
Proposal 1:
Dedicated MAC CEs for TDD UL-DL reconfigurations are adopted.

4 Summary
In this contribution, we discussed the pros and cons of both MAC and PHY signalling mechanisms, and based on the analysis above, we propose the following:

Proposal 1:
Dedicated MAC CEs for TDD UL-DL reconfigurations are adopted. 
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