3GPP TSG RAN WG1 Meeting #73
                                                                           R1-132331
Fukuoka, Japan, 20th – 24th May 2013 

Agenda Item:
6.2.3.2
Source:
NEC Group
Title:
Reconfiguration signalling for TDD eIMTA system
Document for:
Discussion
1 Introduction
At RAN #72b, different the signalling mechanisms for TDD UL-DL reconfiguration haven been discussed and analyzed, with agreements listed as follows:
· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)

· 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

· “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats

Some views in terms of reconfiguration signaling of TDD eIMTA system are provided this contribution,
2 MAC layer signalling
There are two options provided in [1] and explicit signalling is provided by eNB for fast TDD reconfiguration in eIMTA system.
· Option 1: design new RNTI for flexible-TDD and new MAC signalling for TDD UL-DL configuration indication
· Option 2: reuse existing RNTI and introduce new MAC CE
The time ambiguity of MAC signalling can be solved by including an activation timer in the signalling. However, the overhead introduced by activation timer may be unacceptable since  around 10-bit is needed to locate one specific frame while only 3-bit is required to indicate one out of 7 TDD  configurations.

In addition, using PDCCH with corresponding PDSCH transmission for TDD UL-DL configuration indication is a waste of resource since only 3-bit is needed and which can be transmitted by one standalone PDCCH. 
The reliability of MAC signalling solutions for TDD UL/DL configuration indication can be improved by designing ACK/NACK feedback mechanism for confirmation of TDD reconfiguration. However, if the DCI is transmitted on Common Search Space (CSS), then how to allocate resource for HARQ-ACK feedback is a challenging issue. The allocation of ACK/NACK resource can be easily solved if the DCI is transmitted on UE-specific search space (USS), however, signalling redundancy will happen, especially when the number of eIMTA-enabled UE is not small.

Based on the above analysis, it seems activation timer is not efficient and HARQ-ACK feedback for TDD reconfiguration is not desirable.

Proposal 1: MAC layer signalling shall not be used for TDD reconfiguration indication 
Proposal 2: HARQ-ACK feedback for TDD reconfiguration in eIMTA system is not required
3   PHY layer signalling
As agreed in RAN1#72b meeting, the so called “PHY layer signalling” can be UE specific or UE common signaling and using either existing or newly defined DCI formats. Our comparisons and analysis are provided as follows.
Implicit signaling vs. explicit signaling
· Implicit signaling of fast TDD configuration

The TDD configuration can be based on per subframe basis, for example, by assuming that flexible subframe is downlink unless the UE has been signaled to transmit on uplink.  In this case, as long as the UE is not triggered/ scheduled to transmit on the uplink, the UE should constantly monitor all flexible subframes, even when the flexible subframe is used as uplink subframe. This will certainly reduce the UE battery time.

What’s more, ambiguity in terms of fast TDD configuration is more likely to occur since UE may mistakenly treat a UL subframe as DL subframe when it is not triggered for uplink transmission on this subframe. If reference TDD configuration is related with the adopted fast TDD configuration, then the HARQ-timing for uplink and downlink may also be wrong.

· Explicit signaling of fast TDD configuration
Indicating fast TDD configuration via physical signaling can accommodate fast traffic variation and reduce the ambiguity between eNB and UE. As stated in [2], a new DCI with the same size of DCI format 1C can be used to carry the fast TDD configuration.  And a new RNTI which is used to scramble the CRC of the DCI can be introduced for flexible-TDD. Since the number of blind decoding is mainly related to the size of DCI, the additional burden introduced by descrambling of CRC by using newly designed RNTI is negligible. 3 bits of Modulation and Coding Scheme (MCS) can be reused to indicate the fast TDD configuration while the remaining bits in the DCI can be used to indication the fast TDD configuration of neighboring cells, or set to a predefined value for extending the length of CRC virtually.

Proposal 3: Explicit signaling can be adopted for TDD reconfiguration
UE specific signaling vs. UE common signaling
It is possible that only part of Rel.12 UEs are configured with flexible-TDD by high layer signalling, while the remaining UEs follow the TDD  configuration via SIB1 signalling.  For those UEs with flexible-TDD configured, the signalling for TDD reconfiguration can be done by either UE specific signalling or UE common signalling.
· UE common signaling 
Typically, one standalone PDCCH (or ePDCCH if CSS is defined) indicating the TDD reconfiguration is transmitted in CSS and all Rel.12 UE configured with Flexible-TDD will try to decode the related DCI information.
The advantage of this method is low overhead since one common signalling can inform all Rel.12 UEs configured with Flexible-TDD, and the drawback is the ambiguity of TDD configuration between eNB and UE since no confirmation can be send in the UL.
However, the ambiguity problem can be alleviated, for instance, by setting the reserved bits in the DCI with the predetermined value, the length of CRC can be virtually extended and the false CRC error probability can be reduced. 
· UE specific signaling 
Dedicated signalling for TDD reconfiguration can be send to each UE in USS, and confirmation from UE can be fed back in the UL. UE will not be scheduled in flexible subframe if NACK or DTX is received by eNB.
By this manner, the ambiguity between eNB and UE can be solved and more reliable reconfiguration signalling is guaranteed. However, the design of ACK/NACK feedback may be a challenging issue. For example, DCI for TDD reconfiguration and DCI for DL scheduling are transmitted on the same DL subframe, if carrier aggregation is not configured, then how to feedback ACK/NACK for both of them is a challenging issue and this may involve the design of tables for channel selection with PUCCH format 1b, which obviously should be avoided.
Proposal 4: Higher layer signaling can be used for configuring part of Rel.12 UE for Flexible-TDD transmission

Proposal 5: UE common signaling can be adopted for TDD reconfiguration
Proposal 6: Parts of the reserved bits in DCI can be set with predetermined value in order to extend the length of CRC virtually
4   Restricted TDD reconfiguration
In the past simulation of eIMTA, there is no restriction in the selection of TDD configuration, which means for each reconfiguration interval; any one out of 7 TDD configurations can be selected to accommodate the dynamic fluctuation of traffic. However, it seems the maximum freedom in TDD reconfiguration may not always desirable, and the TDD reconfiguration over several consecutive reconfiguration intervals can be restricted within a subset of 7 TDD configurations.
Roughly, 7 TDD configurations provide DL-UL resource ratio from 0.57 by configuration #0 to 8.54 by configuration#5. The DL-UL traffic buffer for one cell is generally changing gradually because the file arriving rate of DL and UL is fixed, and the DL/UL resource is constantly allocated for transmission. In that sense, the possibility of reconfiguration TDD configuration from #0 in the formation reconfiguration interval to #5 in the next reconfiguration interval is low, and restricted TDD reconfiguration may not degrade the system performance.
Proposal 7: The fluctuation rate of DL-UL traffic buffer ratio should be simulated and full freedom in TDD reconfiguration may not be necessary.
5 Conclusion 
In this contribution, we discussed the transmission mechanisms for reconfiguration signalling and we provide our proposal as follows:

Proposal 1: MAC layer signalling shall not be used for TDD reconfiguration indication 
Proposal 2: HARQ-ACK feedback for TDD reconfiguration in eIMTA system is not required
Proposal 3: Explicit signaling can be adopted for TDD reconfiguration
Proposal 4: Higher layer signaling can be used for configuring parts of Rel.12 UEs for flexible-TDD transmission

Proposal 5: UE common signaling can be adopted for TDD reconfiguration
Proposal 6: Parts of the reserved bits in DCI can be set with predetermined value in order to extend the length of CRC virtually
Proposal 7: The fluctuation rate of DL-UL traffic buffer ratio should be simulated and full freedom in TDD reconfiguration may not be necessary.
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