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1 Introduction

In RAN1#74b meeting, the following was agreed on UE-group-common (e)PDCCH:

· New RNTI(s) for explicit reconfiguration DCI (eIMTA-RNTI) will be introduced

· The reconfiguration DCI at least carries 3 bits to explicitly indicate one of the existing 7 UL/DL configurations

· Explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS

· If a UE is configured with two or more eIMTA-enabled cells, the UE can be indicated by one explicit reconfiguration DCI for the two or more eIMTA-enabled cells if the DCI is transmitted in Pcell PDCCH CSS

· Two or more indicators (each of 3-bit) for the corresponding two or more eIMTA-enabled cell can be included in one explicit reconfiguration DCI for a UE configured with two or more eIMTA-enabled cells, if the DCI is transmitted in Pcell PDCCH CSS

· A UE is expected to monitor explicit reconfiguration DCI at least in a set of periodic subframes (subject to DRX operation)

· FFS whether or not to monitor additional subframes in addition to the set of periodic subframes

· The set of periodic subframes is by configuration 

· FFS whether or not to have a modification period during which the UE can assume the same configuration 

· FFS whether the UE can combine multiple DCI transmissions within the given modification period

In this contribution, we further discuss the details for TDD UL-DL reconfiguration by UE-group-common (e)PDCCH and give our proposals.
2 DCI design for UE-group-common (e)PDCCH
According to the working assumption of RAN1#74b meeting, the DCI size to carry reconfiguration bits is aligned to DCI format 1C only. 
1) DCI contents

The number of available bits for DCI format 1C is shown in Table 1. Although the signaling design for explicit reconfiguration should support CA, in typical cases 6 bits are enough to indicate UL-DL configurations for 2 serving cells since two serving cells CA is a typical deployment. Thus the remaining bits can be used as virtual CRC validation bits or used to indicate other cell-specific information such as CRS configuration on the flexible subframe.
Table 1. Payload size for DCI format 1C (without CRC)
	Bandwidth 
	6RBs
	15RBs
	25RBs
	50RBs
	75RBs
	100RBs

	Payload size
	8
	10
	12
	13
	14
	15


Proposal 1: The remaining bits in DCI scrambled with eIMTA-RNTI can be used as virtual CRC validation bits, or used to indicate other cell-specific information.
2) eIMTA-RNTI

According to the working assumption of RAN1#74b meeting, if the explicit reconfiguration DCI only carries information for explicit reconfiguration, the number of eIMTA-RNTI configured for the UE is always 1. 
Although we propose that the explicit reconfiguration DCI can indicate other cell-specific information, the other cell-specific information only exists when there are remaining bits. Thus we still think one eIMTA-RNTI configured for the UE is enough.
In addition, eIMTA-RNTI can be signaled via SIB since eIMTA-RNTI is cell-specific.
Proposal 2: The number of eIMTA-RNTI configured for the UE is always 1.

3 Search space

According to the agreement of RAN1#74b meeting, explicit reconfiguration DCI is transmitted in at least Pcell PDCCH CSS. In this section, we will discuss whether the CSS needs to be extended or not.

In [2], it was observed that the existing CSS can carry one or two additional DCI formats for UL-DL reconfiguration per radio frame if all the DCI formats in CSS use AL8. From the discussion on Section 2, one DCI should be sufficient to carry UL-DL configuration information even in the scenario of CA, so Pcell PDCCH CSS should have enough capacity.
In the future, if an extended CSS were introduced due to CSS capacity issue, the maximum number of PDCCH blind decodes should be kept the same to avoid additional UE capability requirement. It was concluded in [1] to “Strive to avoid additional blind decodes” when explicit L1 signaling of reconfiguration by UE-group-common (e)PDCCH is taken as the working assumption. Thus, the number of blind decodes which is used for extended CSS should be deducted from number of blind decodes for UE-SS.

In addition, the eNB should have the flexibility to configure the extended CSS. For example, the extended CSS can be configured in the scenario of eIMTA combined with CA, but cannot be configured in other scenarios.

Observation 1: Pcell PDCCH CSS should be sufficient to carry UL-DL configuration information.
Observation 2: If extended CSS needs to be introduced, additional PDCCH blind decodes should be avoided and extended CSS should be configurable.
4 Configuration Modification Procedure

According to the agreements at the RAN1#74b meeting, the set of periodic subframes to transmit reconfiguration DCI is by configuration. The period of transmitting reconfiguration DCI should not be large, or else some new-coming UEs cannot obtain the current UL-DL configuration in a timely fashion. The periodic subframes can be configured on any DL subframes indicated by SIB1. If the periodic subframe is subframe#0, the UL-DL configuration indicated by reconfiguration DCI can be applied for current radio frame. However, if the periodic subframe is not subframe#0, the UL-DL configuration indicated by reconfiguration DCI should be applied in next radio frame to avoid the ambiguity of UL-DL configuration before the reconfiguration DCI is sent.
Proposal 3: The periodic subframes used for transmitting the reconfiguration DCI can be configured on any DL subframes indicated by SIB1.

Due to bursty traffic, the traffic load fluctuates. It is beneficial to allow an eNB to configure a modification period during which the UE can assume the same configuration as shown in Figure 1. When the traffic fluctuates quickly, the eNB can configure a small modification period. When the traffic fluctuates slowly, the eNB can configure a larger modification period which can reduce the times of UE monitoring the reconfiguration DCIs. 
Without this modification period, UEs would have to monitor the PDCCH scrambled with eIMTA-RNTI at each periodic transmission occasion, even if the UL-DL configuration changes slowly since the UE cannot assume when the UL-DL configuration will be reconfigured. With this modification period, UE can monitor PDCCHs scrambled with eIMTA-RNTI until the UE correctly decodes the reconfiguration DCI within the modification period. After that, the UE can stop monitoring PDCCHs scrambled with eIMTA-RNTI on the following configured subframes within the modification period. If a UE monitors fewer reconfiguration DCIs, the number of reconfiguration DCI missing or false alarm occasions will be reduced within the modification period. 
Within the given modification period, it is not necessary to restrict UE’s behavior to combine multiple DCI transmissions since this will increase the complexity of UE and delay obtaining the UL-DL configuration. In addition, the reliability of DCI format 1C should be sufficient according to the analysis in [2]
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 \* MERGEFORMAT [3]. Thus it is an implementation issue whether a UE combines multiple DCI transmissions within the given modification period. 
Proposal 4: a modification period can be configured by RRC signaling.

· It is an implementation issue whether a UE combines multiple DCI transmissions within a given modification period.
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Figure 1. Configuration modification procedure
5 Fallback operation
When a UE misses the reconfiguration DCI on the periodic subframe, a fallback operation needs to be considered since the UE does not know the actually used UL-DL configuration. The UE may not obtain the reconfiguration DCI in three cases:
· Case 1: UE wakes up from DRX cycle
When a UE wakes up from DRX cycle, it may miss the reconfiguration DCI on the periodic subframe since the UE may be in the sleep state on the subframe of the reconfiguration DCI transmitted. In this case, eNB knows whether the UE misses the reconfiguration DCI or not, since both DRX cycle and periodic subframes for reconfiguration DCI transmission are configured by eNB. The eNB will schedule the UE on the common subframes between the UL-DL configuration indicated in SIB1 and the actually used UL-DL configuration. Therefore, the UE only needs to monitor the DL subframes according to SIB1’s configuration.  
This case may cause negligible DL throughput loss. A UE with heavy traffic may not easily enter sleep state since it may transmit or receive data almost continuously and thus, rarely miss the reconfiguration DCI. For UEs with light traffic, this is not a problem because the UEs do not demand many resources.
· Case 2: Limited PDCCH capacity in CSS

If there are not enough resources in CSS to carry the PDCCH scrambled with eIMTA-RNTI in the periodic subframe, the eNB will not able to send the reconfiguration DCI. However, as discussed in section 4, reconfiguration DCI can be configured on any DL subframes indicated by SIB1, PDCCH capacity in CSS is not a problem for transmitting reconfiguration DCI.
· Case 3: Missing detection of PDCCH 
A UE may not correctly decode the reconfiguration DCI, when the PDCCH region suffers poor SINR. However, the probability of the reconfiguration DCI missing detection will be very low since the reconfiguration DCI with the same size as format 1C has the best reliability than other DCI formats, and most UEs in a small cell will experience a good SINR on DL subframes without cross-link interference [4]. 
If a UE misses the reconfiguration DCI, the UE can follow SIB1-indicated UL-DL configuration to determine the DL reception and UL transmission.
In this case, eNB does know whether UE missed the reconfiguration DCI. Even if the eNB schedules some DL data on flexible DL subframes and these PDSCH transmissions are missed, the impact on DL throughput loss is still negligible since the reconfiguration DCI has the good reliability and the number of missed reconfiguration DCI can be reduced if modification period is configured. 
According to the analysis for the above three cases, the fallback operation is only performed in limited scenarios, and the throughput loss is marginal when UE follows SIB1-indicated UL-DL configuration. And, we do not see necessity to introduce any other scheme to optimize UE performance during fallback operation. Therefore, we propose the following:
Proposal 5: UE follows SIB1-indicated UL-DL configuration when the reconfiguration DCI is not obtained within the period of transmitting reconfiguration DCI.
6 Conclusion

In this contribution, we have the following proposals and observations:

Proposal 1: The remaining bits in DCI format 1C scrambled with eIMTA-RNTI can be used as virtual CRC validation bits, or used to indicate other cell-specific information.
Proposal 2: the number of eIMTA-RNTI configured for the UE is always 1.

Proposal 3: The periodic subframes used for transmitting the reconfiguration DCI can be configured on any DL subframes indicated by SIB1.

Proposal 4: a modification period can be configured by RRC signaling
· It is an implementation issue whether a UE combines multiple DCI transmissions or not within the given modification period.

Proposal 5: UE follows SIB1-indicated UL-DL configuration when the reconfiguration DCI is not obtained within the period of transmitting reconfiguration DCI.

Observation 1: Pcell PDCCH CSS should be sufficient to carry UL-DL configuration information.
Observation 2: If extended CSS needs to be introduced, additional PDCCH blind decodes should be avoided and extended CSS should be configurable.
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