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1. Introduction
It was agreed in RAN1#74 that TDD UL-DL configuration can be dynamically changed by means of (E)PDCCH as follows:
· Confirm working assumption and agree on explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH.
· The L1 signaling is used to at least inform the UE the downlink subframes to detect (e)PDCCH, and to possibly measure CSI

· Other purposes of this L1 signaling is FFS

Also, several aspects were discussed on the detailed design of this explicit L1 signalling of reconfiguration:

· If possible, come back on Friday. FFS if the UE group common reconfiguration signaling is designed such that 

· It is carried by DCI in common search space.  

· Multiple reconfiguration indicators (e.g. for CA, COMP scenario 4)  can be multiplexed into one DCI, where each reconfiguration indicator represents one of seven existing TDD UL/DL configurations. 

· FFS whether reconfiguration indicator(s) in DCI can be multiplexed with information other than reconfiguration indicator(s), padding bits and CRC. 

· FFS to choose DCI length from two existing DCI lengths for DCI-1C and DCI-0/1A/3/3A.

Continue discussion at RAN1#74bis.
This contribution discusses the remaining details of TDD UL-DL reconfiguration message based on the above agreement.
2. Details of explicit L1 signaling of reconfiguration
As per the agreement, a group of UEs monitor a common (E)PDCCH to receive reconfiguration signaling. So, the common search space is a natural choice for the search space of this L1 signaling. CSS may not be reliable in some subframes due to inter-cell interferences, but for the UE connectivity, at least some subframes should be reserved for reliable CSS detections in any cell. Since the reconfiguration signal needs to be transmitted only in a few subframes (at most once in 10 ms), using CSS seems sufficient for this purpose. Also, it is not desirable to increase the number of blind decodes only in some selected subframes where the reconfiguration signal is transmitted. Additional blind decodes can be avoided if the reconfiguration signal uses the DCI whose length is the same as those of DCI format 0 or DCI format 1C in CSS. The reconfiguration signal can be differentiated from the existing DCIs by using a different RNTI which is configured by the eNB.
Although the new DCI is transmitted on CSS and received by a group of UEs, the content (here, the indicated UL-DL configuration) does not need to be the same for all the UEs. Rather, it is desirable to have a UE-specific interpretation of the received DCI. This is because different UEs may be associated with different cells or TPs when CA or CoMP is configured. We note that such a UE-specific interpretation of a UE-group-common DCI is the principle used in DCI format 3/3A: Although a group of UEs receive the same DCI format 3/3A, each UE derives TPC command relevant to itself from different bit location in the commonly received DCI. Following the same principle, the new DCI for UL-DL reconfiguration can be designed as illustrated in Figure 1. The DCI delivers a concatenation of multiple UL-DL configuration indicators, each of which is associated with a certain cell/TP by the eNB configuration which was informed to the UE before the new DCI monitoring begins. Then, each UE detects the UL-DL configuration of the relevant cell/TP according to the eNB configuration and the received DCI. By this operation, a CA-configured UE can be informed of the UL-DL configuration of each component carrier, a CoMP-configured UE can be informed of the UL-DL configuration of each TP within its CoMP measurement set, and even a non-CoMP/non-CA UE can be informed of a neighboring cell’s configuration which can be used for CSI measurement as discussed in [1]. We note that one UL-DL configuration in the DCI may be associated with multiple TPs/cells by the eNB configuration if those TPs/cells always have the same UL-DL configuration.
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Figure 1. Illustration of the new DCI for UL-DL reconfiguration.

Multiplexing multiple UL-DL reconfiguration indicators requires a DCI format with enough size. Between the two DCI format sizes defined in CSS, the size of DCI format 0 is a more suitable choice in that it can multiplex more reconfiguration indicators. We note that DCI format 1C contains 8~15 bits which is quite limited in supporting CA and CoMP scenario 4 especially when the system bandwidth is not so large
. There was concern that using the length of DCI format 0 may not be sufficiently reliable, but the problem of reliability is negligible considering that only pico cells adopt dynamic TDD reconfigurations in the prioritized cell deployment scenarios. To be specific, the simulation results in [2] showed that about 99% pico cell UEs experience DL geometry higher than 0 dB in fixed DL subframes where all the pico eNBs configure DL subframes. Figure 2 shows the performance of DCI format 0 and 1C, and we can observe that BLER less than 10-3 can be attained with the length of DCI format 0 at 0 dB SINR with aggregation level 4 and even less BLER is achieved with aggregation level 8. We note that this geometry assumes the worst case inter-cell interference in the sense that the DL geometry was calculated with 100 % resource utilization; a higher DL SINR is expected in practical cases where only a part of resources are occupied by the neighboring cell, especially in low or medium load case in which dynamic TDD reconfigurations bring forth performance benefit as concluded during the study item phase. Furthermore, if some bits of the UL-DL reconfiguration DCI are padded with zeros, the UE can take advantage of this zero padding in the DCI decoding process to improve the BLER performance. Therefore, we can conclude that using the length of DCI format 0 does not cause a reliability problem.
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Figure 2: BLER performance of DCI formats 0 and 1C transmitted on PDCCH.
Proposal 1: L1 signaling of UL-DL reconfiguration is transmitted on common search space. The DCI format for this UL-DL reconfiguration signal has the same length as DCI format 0 defined in CSS. eNB configures each UE with an RNTI to be used to decode the DCI containing the UL-DL reconfiguration signal.

Proposal 2: The new DCI for UL-DL reconfiguration delivers a concatenation of multiple UL-DL configuration indicators. Each UL-DL configuration indicator is associated with a certain cell/TP by the eNB configuration.
The new DCI for UL-DL reconfiguration is not expected to be transmitted in every DL subframe because the maximum rate of reconfiguration is one update in 10 ms. Thus, it needs to be defined which subframe is used for the transmission of this new DCI, and the UE does not need to monitor it in the other DL subframes to avoid unnecessary false alarm. Basically, the UL-DL reconfiguration speed is dependent of various factors such as the backhaul link speed, the adopted ICIC schemes, the expected traffic fluctuations, and the portion of legacy UEs that are unable to understand this configuration change. Given that whether to use the L1 signaling based UL-DL reconfiguration is already something UE-specifically configured even for the Rel-11 UEs, it seems beneficial to allow the network configurability in determining the subframes where the reconfiguration DCI is transmitted. In other words, each eNB can configure the period and offset of the subframes for the reconfiguration DCI transmission. The period can be determined based on the reconfiguration speed considering the above-mentioned factors. The offset can be determined such that the reconfiguration DCI transmission can avoid inter-cell interference, e.g., by considering ABS configuration of the neighboring cells or by staggering the reconfiguration signal subframes in neighboring cells.
Proposal 3: eNB configures the period and offset of the subframes used for the transmission of the new DCI for UL-DL reconfiguration.
3. UE operations related to the explicit reconfiguration signaling

With the introduction of the new L1 signaling for UL-DL reconfiguration, some new UE operations need to be considered in order to complete the dynamic TDD UL-DL reconfiguration. It was already agreed that this new signaling is used to identify the downlink subframes to detect (E)PDCCH and to possibly measure CSI. Several remaining issues are discussed in the subsequent subsections.
3.1. UL grant validation
In addition to the current agreement on (E)PDCCH detection, it also needs to be clarified which UL grant is valid when a UE receives multiple UL-DL configurations by the explicit L1 siganlling, SIB1, and so on. For example, it is possible that a UE receives in subframe n a UL grant which schedules PUSCH transmission in subframe n+k, but at the same time, that UE also receives the UL-DL reconfiguration L1 signaliing which indicates subframe n+k as DL. In this case, it seems natural to discard the detected UL grant to prevent the UL from potentially generating unintended UE-to-UE interference.

One related issue is how to determine the subframe location of PUSCH transmissions during the random access procedure. In TS 36.213, the related PUSCH timing is defined as follows:

============================<From TS 36.213>=================================

For the L1 random access procedure, UE’s uplink transmission timing after a random access preamble transmission is as follows.

a. If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe
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 is the first available UL subframe for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL subframe after 
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To have a clear common understanding between eNB and UE, the precise definition of the above “available UL subframe” needs to be agreed. As this random access procedure is commonly used both in RRC-idle and RRC-connected UEs, it seems proper to have a common reference by taking the UL-DL configuration defined in SIB1. 
Proposal 4: The L1 signaling for UL-DL reconfiguration is used to validate a detected UL grant; a UL grant is valid only when the associated PUSCH transmission occurs in a UL subframe indicated by the reconfiguration message. For the PUSCH transmission scheduled by the random access response, the UL-DL configuration in SIB1 is used as the reference in determining the “available UL subframe.”
3.2. Fallback operation

There have been some discussions with regard to the fallback operation in case where UE does not receive the DCI for UL-DL configuration. UE misses the UL-DL configuration message in the following two cases:
· CRC check of the reconfiguration DCI fails.

· UE wakes up from the short DRX duration but the relevant reconfiguration DCI was transmitted before the UE wakes up (Figure 3).
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Figure 3: An example of missing the UL-DL reconfiguration DCI when a UE wakes up from the short DRX.
When a UE misses the reconfiguration message, a kind of fallback operation needs to be performed at the UE for the safety of the overall system. In principle, the UE shall assume the most conservative UL-DL configuration in doing each operation. For the DL-related operations including (E)PDCCH/PDSCH monitoring and CSI measurement, the UE shall assume that only the subframes that cannot be changed to UL are configured as DL subframes. In other words, UE shall not monitor (E)PDCCH/PDSCH or measure CSI in the subframes changeable to UL by the reconfiguration message if the UE does not successfully receives the reconfiguration message. If the working assumption of no DL-to-UL conversion is confirmed, the UL-DL configuration in SIB1 (in case of PCell) or RadioResourceConfigCommonSCell IE (in case of SCell) is the most conservative configuration from the DL operation perspective. Similarly, from the UL-related operation perspective, UE shall assume that only the subframes that cannot be changed to DL are configured to be UL subframes. UL subframes in the DL-HARQ reference configuration cannot be changed to DL, so UE discards UL grant which schedules PUSCH transmissions in DL or special subframe in the DL-HARQ reference configuration.
Proposal 5: When a UE misses the DCI for UL-DL configuration, a fallback operation is performed such that the most conservative configuration is assumed in the related operation: DL-related operations assume UL-DL configuration in SIB1 or RadioResourceConfigCommonSCell IE, and UL-related operations assume UL-DL configuration of the DL-HARQ reference configuration.
3.3. Changeability of UL-DL switching period
Although the UL-DL configuration of a cell can be dynamically changed, it is not agreed whether the configuration change includes the change of the UL-DL switching period. One motivation to allow such UL-DL switching period change is to make use of the DL-heaviest configuration, UL-DL configuration #5, when the SIB1 indicates a UL-DL configuration having 5 ms switching period. This switching period change requires the subframe type change between a special subframe and a DL subframe. A couple of issues need to be discussed to define proper UE behaviors under such subframe type change. More detailed discussion can be found in [3].

· PDSCH/EPDCCH RE mapping: It needs to be decided whether PDSCH/EPDCCH is mapped to the OFDM symbols configured as guard period or UpPTS by SIB1 or RadioResourceConfigCommonSCell IE. For EPDCCH, ECCE-to-EREG mapping is different in some special subframe configurations, so a proper UE behavior also needs to be defined.

· DM RS pattern: A special subframe has different DM RS pattern than that of a DL subframe. Thus, it needs to be decided which DM RS pattern is used if a special subframe is changed to a DL subframe.

· CRS transmissions: Some CRS symbols may be located outside the DwPTS indicated by SIB1 or RadioResourceConfigCommonSCell IE. It causes no backward compatibility issue to skip the CRS transmission outside of the DwPTS, but the necessity of such partial CRS transmissions in a DL subframe seem to need further discussions.

Changing a DL subframe in SIB1 to a special subframe does not seem to be necessary if the working assumption of no DL-to-UL conversion is confirmed. This is because such change implies that a DL subframe in SIB1 is now configured as a UL subframe in subframe 7, which is against the working assumption.

Proposal 6: UE behavior needs to be clarified in terms of PDSCH/EPDCCH RE mapping, DM RS pattern, and CRS transmission if a special subframe is changed to a DL subframe.
4. Conclusion
This contribution first discusses the details of the L1 signaling for UL-DL reconfiguration. The following proposals were made for the new DCI for UL-DL configuration message:
Proposal 1: L1 signaling of UL-DL reconfiguration is transmitted on common search space. The DCI format for this UL-DL reconfiguration signal has the same length as DCI format 0 in CSS. eNB configures each UE with an RNTI to be used to decode the DCI containing the UL-DL reconfiguration signal.

Proposal 2: The new DCI for UL-DL reconfiguration delivers a concatenation of multiple UL-DL configuration indicators. Each UL-DL configuration indicator is associated with a certain cell/TP by the eNB configuration.
Proposal 3: eNB configures the period and offset of the subframes used for the transmission of the new DCI for UL-DL reconfiguration.
In addition, several new UE operations were discussed in relation to the newly introduced UL-DL reconfiguration message. The following was proposed to complete the UE behavior in network monitoring, the fallback operation, and the change of UL-DL switching period:

Proposal 4: The L1 signaling for UL-DL reconfiguration is used to validate a detected UL grant; a UL grant is valid only when the associated PUSCH transmission occurs in a UL subframe indicated by the reconfiguration message. For the PUSCH transmission scheduled by the random access response, the UL-DL configuration in SIB1 is used as the reference in determining the “available UL subframe.”
Proposal 5: When a UE misses the DCI for UL-DL configuration, a fallback operation is performed such that the most conservative configuration is assumed in the related operation: DL-related operations assume UL-DL configuration in SIB1 or RadioResourceConfigCommonSCell IE, and UL-related operations assume UL-DL configuration of the DL-HARQ reference configuration.
Proposal 6: UE behavior needs to be clarified in terms of PDSCH/EPDCCH RE mapping, DM RS pattern, and CRS transmission if a special subframe is changed to a DL subframe.
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Appendix. Simulation parameters for Figure 2
	Parameter
	Value

	Center frequency
	2GHz

	TDD system bandwidth
	20MHz

	Antenna configuration
	2 Tx, 2 Rx

	Number of PDCCH symbols
	2

	Channel model
	ITU UMi NLOS

	UE speed
	3km/h

	CRS power boosting
	OFF

	DCI length
	Format 0: 31+16 CRC

Format 1C: 15+16 CRC



































































































































� Assuming 2-CC aggregation with 3 TPs per CC, 6 configuration indicators are needed for a single UE which requires 18 bits if no compression is applied.
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