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1 Introduction

In the RAN1#75 meeting, several working assumptions were made regarding physical layer signaling design for eIMTA, including:

· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported
· FFS issues related to subframe #6, particularly,

· How to handle the case when eIMTA is enabled, whether or not/how to support broadcast (e.g., SI/P/RA-RNTI) related operations in subframe #6 if the subframe is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration 

· If UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, 

· UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration
An email discussion on detailed configuration table for the reconfiguration signals is summarized in [7]. In this contribution, we further discuss the remaining details of signalling for TDD UL-DL reconfiguration, including operation on subframe #6, DCI design for UE-group-common (E)PDCCH and configuration of subframes for explicit UL-DL reconfiguration DCI.
2 Operation on subframe #6
When subframe #6 is indicated as a special subframe by SIB1, it can be dynamically configured as a special subframe or normal DL subframe for eIMTA-enabled UEs. If subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, it is unclear how to arrange the transmissions on such a subframe since the number of OFDM symbols available for the PDSCH as well as the reference signal, could differ for the two subframe types. In particular, it needs to be solved how to transmit broadcasting PDSCH (e.g., SI/P/RA-RNTI based (E)PDCCH) since broadcasting PDSCH is received by both legacy and eIMTA-enabled UEs. There are two methods:
· Implementation manner
Broadcasting PDSCH cannot be scheduled on subframe #6 by eNodeB. For paging, subframe 1 and 6 can be configured as paging free, so there is no problem. For system information and RACH response, subframe #6 can also not be used. With this method, no extra standardization work is needed.
· Subframe type is determined according to SIB1-indicated UL-DL configuration

eIMTA-enabled UEs will assume subframe #6 according to SIB1-indicated UL-DL configuration, so both legacy and eIMTA-enabled UEs can receive broadcasting PDSCH on subframe #6. In addition, for UE-specific PDSCH, considering resource utilization, it is beneficial that eIMTA-enabled UEs will assume subframe #6 according to reconfiguration DCI. Therefore, with this method, eIMTA-enabled UEs need to decode PDSCH with different numbers of OFDM symbols on subframe #6 for broadcasting PDSCH and UE-specific PDSCH, which may increase UE processing complexity and requires specifying new UE behavior.
Considering the standardization effort and UE complexity, we propose:
Proposal 1: If subframe #6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, broadcasting PDSCH cannot be scheduled on subframe #6 by the eNodeB.
3 DCI design for UE-group-common (e)PDCCH
According to the working assumption of RAN1#74bis meeting, the DCI size to carry reconfiguration bits is aligned to DCI format 1C only. Although the signaling design for explicit reconfiguration should support CA, in typical cases 6 bits are sufficient to indicate UL-DL configurations for 2 serving cells since two serving cells CA is a typical deployment. In addition, for CCs in the same band, UL-DL configuration will be the same, so a 3-bit field is sufficient for the same band. The linkage between the DCI field index and CC(s) can be signaled by RRC signaling. As shown in Table 1, there are at least 8 bits available for reconfiguration DCI if it is aligned with the same size as DCI format 1C. Thus, it is sufficient to signal one reconfiguration DCI being configured with one eIMTA-RNTI for a UE. 
Proposal 2: The number of eIMTA-RNTI configured for the UE is always 1 regardless of non-CA or CA operations.

Table 1. Payload size in bits for DCI format 1C (without CRC).
	Bandwidth 
	6 RBs
	15 RBs
	25 RBs
	50 RBs
	75 RBs
	100 RBs

	Payload size
	8
	10
	12
	13
	14
	15


Since in most cases, only 6 bits are needed to indicate UL-DL configuration, the remaining bits can be used as virtual CRC validation bits or be used to indicate other cell-specific information. In [1], it was discussed that all UEs within one serving cell should use the same DL HARQ reference UL-DL configuration; otherwise collisions of the HARQ-ACK transmissions will occur between UEs. If the DL reference configuration is configured by dedicated RRC signaling it will become active only after the UE correctly receives the dedicated RRC signaling. This may give rise to ambiguity between eNodeB and UE implying that the eNodeB cannot exactly know when the UE applies the new DL reference configuration. Furthermore, it is difficult to perform dedicated RRC signaling for all UEs within one serving cell such that the reconfigured DL reference configuration would become activated in exactly the same radio frame. Therefore, it is beneficial that the activation timing of DL reference HARQ timing is indicated via a remaining bit in reconfiguration DCI. The activation timing for DL HARQ reference configuration can be aligned with that for UL-DL configuration indication. If the reconfiguration DCI is only transmitted on subframe #0 in the first radio frame in the periodicity window, DL HARQ reference configuration is enabled immediately, otherwise DL HARQ reference configuration is enabled at the beginning of the next periodicity window.
From the simulations in [2-4], it is shown that 10-3 BLER can be achieved for DCI format 1C with aggregation level 4/8 when SINR is not below -2 dB. From the calibration results in [5], only 1% or less than 1% UEs in Picos will suffer less than -2 dB SINR. Therefore,  DCI format 1C with aggregation level 4/8 is reliable to be used to indicate the activation timing.
Proposal 3:  One bit in the DCI scrambled with eIMTA-RNTI is used to indicate activation of DL reference HARQ timing.
4 Fallback operation

On fallback operation, there is one working assumption from the RAN1#75 meeting; “if UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration”, which can be confirmed.
The fallback operation is only performed in limited scenarios and the throughput loss is marginal when UE follows SIB1-indicated UL-DL configuration [6]. Thus we do not find it necessary to introduce any other scheme to optimize UE performance during fallback operation.
In case of reconfiguration DCI missing, the UE may assume that subframe #6 is a special subframe but in fact, subframe #6 is a regular DL subframe. In this case, PDSCH will be decoded wrongly and NACK will be sent to eNB. Since reconfiguration DCI signaling is reliable, the probability for this to happen will be very low and this issue can be solved by retransmission. Hence, we do not think extra standardization will be needed for fallback operation.

Proposal 4: “if UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration” can be confirmed.
5 Configuration of subframes for explicit UL-DL reconfiguration DCI
In [7], the detailed configuration of subframes for explicit UL-DL reconfiguration DCI is given, but there are still many FFS.
1) FFS whether to specify the following two UE behaviors
· Behavior 1: If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE may skip decoding the reconfiguration DCI for radio frames 
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 if the UE has successfully decoded at least one reconfiguration DCI  for radio frames 
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Within the reconfiguration period, it is an implementation issue whether a UE skips decoding the reconfiguration DCI if the UE has successfully decoded at least one such DCI. Thus we think it is not necessary to specify the behavior 1.
· Behavior 2: If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE shall or may assume the same UL-DL configuration indicated by the reconfiguration DCIs for radio frames 
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Within the reconfiguration period, if the eNodeB transmits multiple reconfiguration DCIs, they should indicate the same UL-DL configuration, otherwise the eNodeB may not know what UL-DL configuration is assumed by a UE since different UEs may correctly receive the different reconfiguration DCIs. In addition, the reconfiguration DCI is for a group of eIMTA-enabled UEs, so it is not reasonable to transmit different reconfiguration DCIs for different UEs. Accordingly, the UE should not expect the reconfiguration DCIs indicating different UL-DL configurations within the reconfiguration period. If the UE receives the reconfiguration DCIs indicating different UL-DL configurations, it should regard it as an error case and adopt the fallback mode described in section 4, i.e. monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration. Therefore, it is necessary to specify behavior 2. 
Proposal 5: “If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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, the UE shall or may assume the same UL-DL configuration indicated by the reconfiguration DCIs for radio frames 
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” needs to be specified.
2) FFS on the exact bitmaps to indicate the subframe configuration
Three methods could be considered to define the bitmaps:

· Method 1: The bitmap only includes subframes #0, #1, #5 and #6

For 10 ms, 20 ms, 40 ms and 80 ms periodicities, 4 bits, 8 bits, 16 bits and 32 bits are needed respectively. With this method, the signaling overhead is low and no cross-link interference would occur since subframe#0, #1, #5 and #6 are always configured DL/Special subframes, but the available subframes are limited. In fact, if a small cell is isolated or suffers weak interference from neighbor cells, some other SIB1-indicated DL/Special subframes can be stable and can be used to carry the reconfiguration DCI. 
· Method 2: The bitmap includes all the subframes except subframe#2

For 10 ms, 20 ms, 40 ms and 80 ms periodicities, 9 bits, 18 bits, 36 bits and 72 bits are needed respectively. With this method, the signaling overhead is large and there are some unnecessary bits since UE shall not be configured to monitor reconfiguration DCI in non-SIB-1 DL/Special subframes. However, the higher-layer overhead may not be serious. For example, to support restricted RLM/RRM/CSI measurements for UL-DL configuration 0, a bitmap pattern with 70 bits are used to indicate time domain measurement resource restriction.
· Method 3: The bitmap includes all SIB-1 indicated DL/Special subframes 
This method is a tradeoff between method 1 and method 2. The signaling overhead depends on SIB-1 indicated DL/Special subframes, which can achieve the lowest signaling overhead if SIB-1 indicated DL/Special subframes only include subframes #0, #1, #5 and #6. What is more important, it can achieve the most flexibility if SIB-1 indicated DL/Special subframes include more DL/Special subframes. 
Currently, PDCCH scrambled with P-RNTI/SI-RNTI/RA-RNTI is carried in the common search space (CSS), especially, PDCCH scrambled with P-RNTI is carried in CSS on subframes #0, #1, #5 and #6, and PDCCH scrambled with SI-RNTI for SIB1 is carried in CSS on subframe #5. The CSS in these subframes may therefore be congested. Since the reconfiguration DCI is also carried in the CSS, it may unnecessarily constrain the scheduling and in order to let the reconfiguration DCI have more transmission opportunities, all SIB-1 indicated DL subframes should be supported for transmitting the DCI.
Method 2 and 3 are considered to be beneficial as they can provide more opportunities to transmit the reconfiguration DCIs. In addition, method 2 has more bits but does not provide more flexibility compared to method 3 since the reconfiguration DCI can only be transmitted on SIB-1 DL/Special subframes. Thus we slightly prefer method 3.
Proposal 6: The bitmap to indicate the subframe configuration includes all SIB-1 indicated DL/Special subframes. 
6 Conclusion

In this contribution, we have the following proposals:

Proposal 1: If the subframe#6 is a special subframe indicated by SIB1 but a regular DL subframe indicated by the dynamic subframe configuration, broadcasting PDSCH cannot be scheduled on subframe#6 by the eNodeB.
Proposal 2: The number of eIMTA-RNTI configured for the UE is always 1 regardless of non-CA or CA operations.

Proposal 3: One bit in the DCI scrambled with eIMTA-RNTI is used to indicate activation of DL reference HARQ timing.
Proposal 4: “if UE does not detect L1 signaling conveying a valid UL-DL configuration for a radio frame, UE shall monitor the non-DRX DL subframes or special subframes for PDCCH or EPDCCH as indicated by SIB-1 configuration” can be confirmed.
Proposal 5: “If a UE is configured to monitor in multiple subframes reconfiguration DCIs for radio frames 
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” needs to be specified.
Proposal 6: The bitmap to indicate the subframe configuration includes all SIB-1 indicated DL/Special subframes.
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