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1. Introduction

Signaling techniques for fast and reliable reconfiguration of the TDD UL/DL configuration have been discussed at the past few RAN1 WG meetings (see e.g. [1]). Candidate signaling schemes include MAC layer signaling, implicit L1 signaling and explicit L1 signaling by either common or UE-specific PDCCH/EPDCCH. Some progress was made at the RAN WG1 #72bis meeting, where it was agreed to adopt a working assumption of explicit L1 common signaling and to further study the following design aspects:
· FFS which search space is used for this signalling 

· FFS the fall-back solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

This contribution provides further analysis of the design aspects of UE-common L1 signaling for UL/DL reconfiguration including other important issues such as realistic reconfiguration time scales and UL/DL reconfiguration for secondary serving cells (SCells).
2. Discussion
2.1. Reconfiguration time scale

For explicit L1 signaling design it is important to take into account realistic time scales over which UL/DL reconfiguration can take place. Although considerable system gain is provided by faster adaptation of the UL/DL configuration, the network must still make reconfiguration decisions based on both network and UE-assisted measurements. For example, many simulation results shown so far (see e.g. [2]) assume that the network takes into account DL and UL data queues in determining the optimal UL/DL configuration. Such considerations require timely measurement/reporting of both DL and UL data flow rates and buffer status. For UL statistics, a UE is configured to send buffer status reports to the eNB. If an UL grant is not available the UE first transmits a scheduling request – or random access preamble if no scheduling request resource is configured. We also note that for a heterogeneous network of small cells, where each cell only serves a few users, the inter-cell interference may still be severe enough to warrant at least one PUSCH retransmission. Therefore, even for the UL-friendly Configuration #0, a minimum of 20 ms may be required to receive and process UL buffer status reports before determining the optimum UL/DL configuration. 
The same practical latency constraints apply to interference measurements and analysis. It was also agreed at Meeting #73 to support at least two subframe sets for separate CSI measurement/report in in different types of subframes – fixed or flexible subframes. Depending on the periodic CSI reporting configuration accurate estimation of the DL interference conditions also places a limit on the minimum reconfiguration time scale. 
Observation: the latency of UE-assisted measurement reports places a practical lower bound of at least 20ms on the time scale for UL/DL reconfiguration. 

Based on this observation we now consider design aspects for explicit L1 signaling.

2.2. Explicit L1 signaling 
In LTE Releases 8 – 11, common control signaling is transmitted in the common search space (CSS) on the PDCCH. Since there is no CSS currently defined for the EPDCCH, UL/DL reconfiguration by common L1 signaling would be transmitted in the CSS of the PDCCH. This is sufficient for PCell-only operation on a backward compatible carrier type. Common L1 signaling on the EPDCCH should not, in our view, be within the scope of the current agreement because the decision on introduction of an EPDCCH CSS spans across several LTE features including the New Carrier Type (NCT) and, hence, should be treated in a holistic manner. Secondly, EPDCCH CSS does not solve the problem of how to dynamically reconfigure a SCell TDD UL/DL reconfiguration since a UE does not monitor the CSS on a SCell. 
Proposal: 
· Consider only the PDCCH regarding common L1 signaling for TDD UL/DL reconfiguration
· Any considerations on EPDCCH CSS should be treated in a holistic manner taking into account other WIs such as NCT. 
2.2.1.  DCI Formats
In LTE Releases 8 – 11 common or group information is indicated by DCI formats 1A or 1C. The information type indicated by these DCI formats is readily distinguished by the RNTI used to scramble the CRC of the DCI payload. These information types and associated RNTIs include system information (SI-RNTI), paging (P-RNTI) and random access response (RA-RNTI). 
To avoid any increase in the number of blind decodes, DCI formats 1A or 1C can be reused for signaling a TDD UL/DL reconfiguration with the introduction of a new RNTI. This may increase the false alarm rate depending on the position of the RNTI value within the 16-bit RNTI space. One simple way to avoid a significant increase in false alarm rate is by smart eNB configuration. For example, the eNB can configure separate schedules for transmitting system information, paging and UL/DL reconfiguration. In current LTE systems, SIBs other than SIB1 are transmitted in SI messages, where each SI message occurs in a non-overlapping SI window [3]. Within an SI window the SI message can be transmitted in any DL subframe except MBSFN subframes and subframes containing SIB1, i.e. subframe 5 of radio frames satisfying SFN mod 2 = 0. By defining suitable SI windows and SI periodicities it may be possible to ensure that UL/DL reconfiguration commands indicated by a new RNTI do not collide with SI messages indicated by the SI-RNTI. Given that SI window lengths are in the range {1, 2, 5, 10, 15, 20, 40} ms, collision probability can be further reduced if the reconfiguration time scale is at least 20ms as observed in Section 2.1. A similar flexible configuration approach is possible between UL/DL reconfiguration and paging occasions since a UE monitors for paging according to either a common or UE-specific paging cycle. 
To ensure robust reception DCI format 1C can be used since it has the smaller payload of the two, and only three bits are required to indicate any of the seven UL/DL configurations. The MSBs or the LSBs of DCI format 1C can be used for the reconfiguration field whereas the other bits in the DCI payload can be set to a known sequence, e.g. zero. 

2.3. Reliability of common signalling

One drawback of common signalling is the absence of HARQ-ACK feedback to indicate whether the UE received the reconfiguration signal. However, reliability can be improved by employing a high aggregation level and small payload such as that offered by DCI format 1C. If the reconfiguration time scale can be relaxed to say 30 or 40 ms, it is also possible to use the concept of a modification period. Specifically, if the TDD UL/DL reconfiguration takes place at a radio frame boundary, multiple PDCCHs containing the same UL/DL configuration can be transmitted within a modification period window. A detection of at least one reconfiguration PDCCH indicates to the UE that the TDD UL/DL Configuration indicated in the detected PDCCH takes effect at the next reconfiguration boundary. 
2.4. Signalling for SCell UL/DL Reconfiguration 
A Release 10/11 UE that is configured for CA does not monitor the CSS on a SCell. Therefore, a new approach is required if common L1 signaling is adopted for SCell UL/DL reconfiguration. There are two possible options:
Cross-scheduling

A UE configured for CA can be configured to monitor the CSS on the PCell for reconfiguration of the UL/DL configuration of any configured serving cell. If it is assumed that all serving cells have the same reconfiguration time scale, then 15 bits are required to indicate reconfiguration for up to five configured serving cells. This would not be possible with DCI Format 1C given the limited payload size as shown in Table 1for the six LTE system bandwidths. One solution would be to configure different reconfiguration schedules per configured serving cell. Alternatively, DCI Format 1A, which has a larger payload can be considered for UL/DL reconfiguration. A drawback of DCI Format 1A is that a larger payload size also increases the coding rate that can be applied on the PDCCH with some possible loss in performance. However, if dynamic TDD is largely restricted to a small cell layer this may not be a significant impediment.
Table 1 DCI Format 1C Payload Size

	System bandwidth NRBDL
	6
	15
	25
	50
	75
	100

	DCI 1C payload size
	8
	10
	12
	13
	14
	15


Dedicated signaling

To efficiently support CA scenarios, we may reconsider dedicated signaling for UL/DL reconfiguration. The main disadvantage of dedicated signaling is that the DL control overhead increases with the number of UEs configured for dynamic UL/DL reconfiguration and the reconfiguration time scale. However, the increased control overhead may not be a significant issue in a dense small network with each cell serving only a few users. Secondly, as explained in Section 2.1 practical reconfiguration timescales would be on the order of at least a few radio frames.
It may also be possible to allow both types of explicit L1 signaling depending on the scenario. For a UE configured for both dynamic TDD UL/DL reconfiguration and CA, the UE can monitor the UE-specific search space for a change in UL/DL configuration. This approach is based on the assumption that very few UEs would be simultaneously configured for both CA and dynamic TDD reconfiguration. In contrast it is reasonable to expect that a larger number of UEs would be configured for dynamic TDD and single cell operation on a PCell. In this case dynamic reconfiguration of the TDD UL/DL configuration for a PCell can be signaled in the CSS. 

3. Conclusion

This contribution studied several design aspects of explicit L1 signaling for TDD UL/DL reconfiguration. We have shown that while common signaling can be introduced for indicating TDD UL/DL reconfiguration, a different approach may be required to support CA. In summary the following observations and proposals are made:
· The latency of UE-assisted measurement reports places a practical lower bound on the time scale for UL/DL reconfiguration. 

· Consider only the PDCCH regarding common L1 signaling for TDD UL/DL reconfiguration

· Any considerations on EPDCCH CSS should be treated in a holistic manner taking into account other WIs such as NCT. 
· To avoid an increase in number of blind decodes consider reusing DCI Format 1C payload size for UL/DL reconfiguration

· Introduce a new RNTI for UL/DL reconfiguration

· Improved reception reliability for common signaling is possible by transmitting multiple reconfiguration PDCCHs within a modification period
· Consider hybrid approach of common signaling for PCell and dedicated signaling for SCell
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