
3GPP TSG RAN WG1 Meeting #69

R1-122064
Prague, Czech Republic, 21st – 25th May 2012
Source:
CATT
Title:
Draft TP for TR36.828 section 7
Agenda Item:
7.10.4
Document for:
Discussion and Decision
--------------- start of text proposal ---------------------------------

7
Methods to support different time scales for TDD UL-DL reconfiguration
7.1 
Method 1
7.1.1
Description
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 SIB1. With the Rel-8 system information change procedure, the supported time scale for TDD UL-DL reconfiguration is every 640ms or larger. It is noted that legacy UEs can enjoy the benefits of TDD UL-DL reconfiguration based on traffic adaptation, since the method to adapt the TDD UL-DL configuration is backward compatible. 
With this method, ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE correctly decodes the updated SI. Given that PDSCH/PUSCH HARQ timeline in TDD is determined by the TDD UL-DL configuration, eNB may have to apply scheduling restriction during this uncertain period, in order to properly maintain the communications between the eNB and the UE. Further study is required to assess its impact on performance. Possible enhancements can be specified to resolve the ambiguity. For example, the PDSCH/PUSCH HARQ timeline can follow a fixed reference TDD UL-DL configuration which is independent of the TDD UL-DL configuration signaled in SIB1. Note that such enhancements are not applicable to legacy UEs.
7.1.2
Specification impact
There is no specification impact to enable TDD UL-DL reconfiguration by system information change, as it is already supported by Rel-8. New specification work is required for enhancement(s) to resolve the ambiguity on the TDD UL-DL configuration between eNB and UE.
7.2 
Method 2
7.2.1
Description
This method supports TDD UL-DL reconfiguration by RRC signaling, i.e. the TDD UL-DL configuration is signaled to the UE via RRC signaling. The corresponding time scale supported by this method depends on how fast RRC reconfiguration can be performed. Typical time scale intended by this method is on the order of 200ms.
This method provides better traffic adaptation capability than Method 1, given the support of smaller time scale for TDD UL-DL reconfiguration. Method 2 is not backward compatible and hence the additional benefits cannot be achieved by legacy UEs. In addition, some restriction needs to be applied to the RRC configured TDD UL-DL configuration, e.g. it cannot comprise less DL subframes than the TDD UL-DL configuration in SIB1 in order to avoid degrading the legacy UE performance (e.g. RRM measurements). Furthermore, if the RRC signaled TDD UL-DL configuration is different from that signaled in SIB1, it may not be possible to schedule legacy UEs in all subframes since the legacy UEs’ PDSCH/PUSCH HARQ timeline follows the TDD UL-DL configuration in SIB1. This would degrade the throughput of legacy UEs.

Ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during RRC reconfiguration. Further study is required to assess its impact on performance. Possible enhancements similar to those discussed in section 7.1.1 can be specified to resolve the ambiguity.
7.2.2
Specification impact

New specification work is required to introduce the RRC signal for TDD UL-DL configuration, as well as a new procedure to handle the different TDD UL-DL configurations in SIB1 and the RRC signaling. Additional specification is required to resolve the ambiguity on the TDD UL-DL configuration between eNB and UE.
7.3 
Method 3
7.3.1
Description
This method supports TDD UL-DL reconfiguration by physical layer design, with time scale of adaptation on the order of 10ms. Generally two alternatives can be considered, i.e.

· Alternative 1: Explicit L1 signaling to indicate the transmission direction in each subframe

· Alternative 2: Implicit  determination of the transmission direction in each subframe 

One example of Alternative 1 is that a new L1 signaling is designed to indicate the TDD UL-DL configuration on a per radio frame basis. For alternative 2, the UE shall assume a subframe as downlink unless the UE is configured to transmit any uplink signal (i.e. SRS, PUCCH, PUSCH) in the subframe. From signaling overhead perspective, Alternative 2 is advantageous. On the other hand, higher UE energy consumption is expected with Alternative 2 since the UE shall perform PDCCH blind decoding in subframes which are used as uplink subframes by eNB. In addition, Alternative 2 makes CSI measurement in the dynamic subframes difficult since the UE is unaware of the transmission direction of the subframe unless it receives PDCCH or is scheduled to transmit uplink signal(s) in that subframe.
Method 3 provides the best traffic adaptation capability, given the support of smaller time scale for TDD UL-DL reconfiguration than Method 1 and Method 2. Method 3 is not applicable to legacy UEs. In case both legacy UEs and UEs supporting Method 3 are to be served on the same serving cell, the impacts on legacy due to Method 3 are similar to those of Method 2 as discussed in section 7.2.1. 
Other aspects to consider for Method 3 include the CSI measurements and support of interference mitigation schemes. With each cell individually reconfiguring the subframe transmission direction on a radio frame basis, the dynamics of inter-cell interference could be increased significantly due to eNB-to-eNB and/or UE-to-UE interference, which makes the CSI reporting less accurate. In addition, any interference mitigation scheme that requires information exchange on X2 may not be fully compliant with per radio frame adaptation, since the latency of X2 is typically larger than tens of milliseconds. 
Since Method 3 can adapt the subframe transmission direction on a radio frame basis, the PDSCH/PUSCH HARQ timeline for UEs supporting Method 3 shall not follow the TDD UL-DL configuration in SIB1. The PDSCH/PUSCH HARQ timeline can follow a fixed reference TDD UL-DL configuration, e.g. PDSCH HARQ timeline follows TDD UL-DL configuration 2 and PUSCH HARQ timeline follows TDD UL-DL configuration 0. This design would ensure that the HARQ-ACK corresponding to PDSCH is always transmitted in subframe #{2, 7} and UL grant/PHICH are always transmitted in subframe #{0, 1, 5, 6}. Subframes #{3, 4, 8, 9} may be dynamically used for either downlink or uplink transmission.
7.3.2
Specification impact

Specification work is required for the PDSCH/PUSCH HARQ timeline, as well as methods to explicitly or implicitly determine the transmission direction of a subframe. Enhancements to CSI measurement (if any) may also require specification work, especially for the dynamic subframes.
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