Page 1



3GPP TSG RAN WG1 Meeting #72

R1-130459 
St Julian’s, Malta, 28th January – 1st February 2013
Agenda item:
7.3.3.3
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent
Title: 
Discussion on signalling mechanisms for TDD UL-DL reconfiguration
Document for:
Discussion 

1 Introduction
In the RAN #58 meeting, the new WI of further enhancements to LTE TDD for DL-UL interference management and traffic adaptation (IMTA) [1] was approved. In this WI, signalling mechanisms for TDD UL-DL reconfiguration will be further discussed. Based on our previous contribution [2] in the RAN1 #69 meeting, in this contribution we will further discuss the pros and cons of the different possible signalling mechanisms, including the related ambiguity issues caused by different understanding of the TDD DL-UL configuration by eNB and UE. 

2 Methods of notification of TDD UL-DL reconfigurations

In current TDD LTE/LTE-A systems, the TDD configuration is delivered via SIB1. The minimum SIB1 modification period is 640 ms which, according to the discussion in the Study Item [3], may not match the instantaneous traffic variations. Moreover, simply employing BCH to change the configuration, as supported since Rel-8, would not allow the flexibility of UE-specific configuration, which would be relevant for CoMP scenario 4 for example. To support dynamic TDD UL-DL configuration with more sensitivity to the traffic fluctuation, shorter timescales have been shown to be of benefit in the performance evaluation [3], but the optimal timescale taking into account the pros and cons of different methods is not yet clear. 

2.1 Possible signalling mechanisms

The follow types of signalling have been considered in the Study Item:

· System information signalling
This method supports TDD UL-DL reconfiguration by system information (SI) change as in Rel-8, where the TDD UL-DL configuration is indicated by SIB. A number of approaches can be considered for notifying the SI change. One is the Rel-8 system information change procedure with a minimum modification period of 640ms, and the other is reusing the Rel-10 ETWS (Earthquake and Tsunami Warning System) notification procedure with a minimum modification period of 320ms. If the desired reconfiguration is shorter than 320 ms, such as 80 ms, an additional notification procedure in Rel-12 could be introduced.  
Another alternative in the system information signaling would be to use one of the reserved bits on the PBCH to indicate the change of SIB-1 message more dynamically. One bit could be used to indicate the change of TDD configuration within 40 ms interval of PBCH.  The indication could limit all UEs to use only the subframes common for all TDD configurations, such as DL Rx (PDSCH, PDCCH/EPDCCH and PHICH) in subframes 0 and 5 and UL Tx (PUCCH and PUSCH) in subframe 2, until the UEs had decoded the new SIB-1, to avoid generating intra cell interference or measurement errors.  Alternatively, three of the reserved bits in the MIB could be used to indicate the TDD configuration directly. For Rel-8/9/10/11 UEs, these bits would be ignored, and care would have to be taken by the scheduler for these legacy UEs until the next update of SIB-1. 
The most significant challenge of reusing SI information is its low response to fast traffic variations, which may result in resource wastage, hence losing some of the potential gains of dynamic reconfiguration. 
· Semi-static UE-specific higher-layer signalling

Semi-static notification of the reconfiguration may cause ambiguity during the reconfiguration period, since RRC signalling never includes an activation time. To avoid ambiguity, the activation time of TDD reconfiguration might need to be included in the reconfiguration message.  Before the successful decoding of the higher-layer signalling by a UE, the eNB will adopt the newly configured TDD configuration, while the UE still could not recognize this variation in time which may affect the UE measure and HARQ operation. In addition, semi-static UE-specific notification is not significantly faster than updating SIB1, and may not be sufficiently fast to match the instantaneous traffic situation, leading to inefficient resource utilization.

· MAC control element

Signalling the change of configuration via a MAC control element would be faster than UE-specific or SIB-1 based RRC signalling, and similar in speed to using the P-BCH. It could, even after HARQ retransmissions, closely match the dynamic changes in traffic patterns (e.g. of the order of 50ms). However, like RRC signalling, MAC control elements do not include activation time and would have some timing ambiguity associated with the reconfiguration, although the period of ambiguity should be shorter than for RRC signalling.   Since MAC control elements are piggybacked on PDSCH, the main challenge of MAC control signalling is that UEs without scheduled DL data transmission at the instance of reconfiguration need to first be scheduled using a downlink subframe of the old configuration, in order to receive the new configuration and be able to take advantage of any additional downlink subframes in the new configuration.   

· Dynamic physical-layer signalling ((E)PDCCH)

Notification of TDD reconfiguration via physical-layer signalling has the merits of enabling the support of faster traffic adaptation and less reconfiguration ambiguity problem. The straightforward thinking of dynamic notification is via explicit notification, such as designing a new DCI format. However, any new DCI format design will result in higher blind decoding efforts and larger DL overhead, backward compatility issue to legacy UEs as well as increased complexity. Also, it does not seem necessary to use subframe-level signalling to signal a reconfiguration which does not make sense to be faster than once every 10ms. It is highly questionable whether there is gain from changing the TDD configuration every radio frame.  Further, the effect of missed PDCCH messages would also have to be considered. 


The main concerns of dedicated signalling, such as dedicated RRC signalling,  MAC signalling, and dynamic physical layer signalling, are the overhead to reach all UEs or large fraction of UEs.  For IDLE mode UEs, the eNB would have to schedule SIB-x information in DL subframes that are common to the different configurations, but this would no more complex than SI scheduling in configuration 0.   If the TDD configurations did not reach all UEs, the scheduler might need to be restricted to schedule certain UEs in a subset of subframes.   The eNB scheduler would also have to take care of the handling of UL grants and control signalling configurations in order to avoid UEs creating interference by transmitting based on an expired TDD configuration.  

2.2 Discussion
In the light of the discussion above, from the above alternatives, MIB signalling, UE-specific RRC signalling and MAC control element signalling seem probably the most suitable ways to be considered further for indicating a dynamic UL-DL reconfiguration. 

If there was a mismatch between the configuration used by the eNB and that assumed by the UE, two possible error cases could occur:

1. Subframes which are handled as DL subframes by the eNB, but are thought to be UL subframes by the UE. In this case, any PDSCH packets will have to be retransmitted. Similarly, UL grants sent on the PDCCH would have to be resent. The UE might perform UL transmissions in these subframes, though these transmissions would be limited to PUCCH and non-adaptive PUSCH retransmissions; this would cause some temporary interference, to other UEs. 

2. Subframes which are handled as UL subframes by the eNB, but are thought to be DL subframes by some UEs.  The eNB would decode scheduled PUSCH and PUCCH and not send any PDCCH, PDSCH or CRS transmissions in these subframes.    However, UEs which were unaware of the reconfiguration would not make any UL transmissions in these subframes but would perform measurement on CRS for RRM, RLM, or CRS based CSI.  The lack of CRS and the interference from other UEs transmitting UL signals would severely degrade the CRS based measurements.  If the number of conflicted subframes became too high, it might cause radio link failure.   

3 Summary 

In this contribution, we have reviewed the various possible mechanisms for signalling a faster reconfiguration of TDD UL/DL configuration than is possible in Rel-8. 

We propose that the mechanisms that are worthy of further consideration are MIB signalling, UE-specific higher layer signalling and a new MAC control element. 
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