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1
Introduction
This contribution deals with signalling mechanisms needed to support dynamic TDD UL-DL reconfiguration. The following agreenments related to the topic were made in RAN WG1 #72bis meeting [1]:
A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 

· PHY signaling (not including PBCH/MIB signaling), or 

· MAC signalling

PBCH/MIB signaling issue could be revisited if reliability issue of the above method becomes severe

Note: “PHY signaling” includes possibility of 

· UE specific or UE common signalling
· Using either existing or newly defined DCI formats
This contribution provides further discussion on the different signalling options related to PHY and MAC signalling.

2
MAC and PHY solutions
In the following we present MAC and PHY solutions being considered for dynamic TDD UL-DL reconfiguration.
2.1
MAC Signalling
MAC signalling supports TDD UL-DL reconfiguration with adaptation time scale on the order of a few tens of ms. There are slightly different solutios available for common and dedicated MAC approaches.
Ambiguity problem exists between eNB and UE on the TDD UL-DL configuration, if the eNB does not know the exact time at which the UE follows the updated TDD UL-DL configuration during reconfiguration. In order to avoid this problem, activation time needs to be included in the signalling to indicate exact timing when the UE should apply the updated TDD UL–DL configuration. 

Common MAC signalling:

MAC design according to common signalling approach can be based on a specific RNTI (such as FlexTDD-RNTI) combined with a new MAC control element containing information on the UL-DL configuration. Following this approach:
· eNB informs eIMTA capable UEs with the cell-sepcific FlexTDD-RNTI

· MAC control element is triggered by DL grant scrambled by FlexTDD-RNTI. The corresponding PDSCH carries the MAC signalling to indicate the TDD UL-DL configuration to be used in the subsequent radio frame(s).
· All UEs configured to flexible TDD mode try to decode DL grant scrambled by FlexTDD-RNTI. This specific grant is transmitted via Common Search Space. In order to minimize the UE blind decoding burden, reconfiguration can be transmitted only in the predetermined subframes (e.g. Subframe #0).
Dedicated MAC signalling:

The MAC solution according to dedicated signalling approach contains just a new MAC control element. It is triggered by a DL grant scrambled by existing UE-specific C-RNTI. The problem of this approach is that DL overhead (both PDCCH and PDSCH) will be be increased considerably compared to common signalling approach. This is due to the fact that the new UL-DL configuration needs to be informed separately for all UEs involved. On the other hand, triggering needs to be updated only when UL-DL configuration chages.
In order to improve the reliability of MAC signalling solutions for TDD UL/DL configuration indication, HARQ-ACK feedback mechanism may be needed for confirmation of the signalling indication. In the case of dedicated MAC signalling, the feedback is implicitly given by HARQ-ACK of related PDSCH. UEs without feedback or with NACK shall not be scheduled in flexible subframes. 

2.2
PHY Signalling
UL-DL configuration based on physical layer signalling can provide the fastest adaptation to the traffic, i.e., with a switching scale of 10 ms. In that way, eNB can dynamically change the TDD UL-DL configuration in each radio frame. The physical layer solutions can be divided into three categories: (1) PHY common, (2) PHY dedicated, implicit and (3) PHY dedicated, explicit.
PHY – common:

Common PHY signalling can be based on a specific DCI scrambled with a new RNTI (such as FlexTDD-RNTI). The actual indication of TDD UL-DL configuration can be included in the payload of the DCI. When using common DCI:
· All UEs configured to flexible TDD mode try to decode DL grant scrambled by FlexTDD-RNTI. 
· The specific grant is transmitted via Common Search Space. 
· In order to minimize the UE blind decoding burden, reconfiguration can be transmitted only in the predetermined subframes (e.g. Subframe #0).

Alternative approach according to PHY common signalling is to define a new DL broadcasting channel like PCFICH for conveying the UL-DL configuration. The PCFICH information can also be reinterpreted to indicate UL-DL configuration without introducing new physical layer channel or DCI format. The problem of PCFICH approach is that false dedetection of the indicator will create an additional error case compared to common DCI approach.
PHY – dedicated, implicit:

Implicit indication corresponds to eNB-scheduling based approach. Namely, in case of a scheduled PUSCH or PUCCH transmission, UE considers that the subframe is used for UL transmission; otherwise, UE has to assume that the subframe is used for DL transmission and will try to detect the PDCCH. The benefit of this approach is that there is no need to define additional signalling for indicating instantaneous UL-DL configuration. On the other hand, UE has to do blind detection in each subframe in the absence explicit indication of UL subframe. One specific issue is that UE is not aware of the type of Subframe #6. Hence, this may need to be indicated explicitly; otherwise it may lead to DL throughput loss if UE always considers Subframe #6 is a special subframe.
In the case of implicit signalling it makes sense to perform RRM measurements at the UE side using only fixed DL subframes. This will ensure that RRM measurements will not suffer from dynamic UL allocations on flexible subframes. Additional CSI process may be needed to perform CSI measurement in flexible subframes [3]. From HARQ/scheduling timing point of view when using reference configuration approach there is no specific reason for indicating UL-DL configuration explicitly [4]. 

PHY – dedicated, explicit:

In this approach, a new bit field of two or three bits is added into UL and/or DL grant to indicate the UL-DL configuration in the subsequent radio frame. This signalling is used to aid UE blind decoding as well CSI measurement during flexible subframes.
Considering typical eIMTA scenario where only limited number of UEs have traffic to be served, up-to three additional bits fits well in such scenario in terms of overhead and flexibility.
3
Discussion

One of the fundamental questions related to detailed signaling mechanism is selection between common and dedicated signaling schemes. There are two flavors of dedicated signaling, namely explicit and implicit signaling. 

Common signaling:

When using common signaling for dynamic UL-DL reconfiguration, an explicit indicator is transmitted periodically using MAC or PHY. In order to keep the overhead reasonable, common signaling can be sent only on the predefined subframes (e.g. once per radio frame). One of the disadvantages of this approach is that all UEs configured to flexible TDD mode need to decode common signaling to get the current UL-DL configuration. This will have a little impact to the UE’s power consumption as well as PDCCH overhead. On the other hand, UEs in DRX mode won’t be able to decode the periodic signaling. When the UE wakes up it needs to follow SIB-1 defined UL-DL configuration as long as it can detect the common UL-DL configuration indication in the specifc downlink subframe (e.g., Subframe 0).
The error rate achievable by common signaling varies between 10-3 and 10-2, depending on the exact signaling type (MAC, PDCCH) [2]. The error case related to common signaling is caused mainly by errorneous detection of PDCCH. The related error cases are missed detection and false alarm. The main problem related to the error cases is eNB cannot know whether UE has missed detection or assumes wrong information due to false alarm. 

There are various problems which may take place in the case when UE has wrong understanding on the current UL-DL configuration:

· DL (and UL) throughput loss

· Errorneous CSI measurement & reporting. See more details in [3].

· Problems related to HARQ/scheduling timing (depending on the selected signalling scheme).

It is also noted that the time span of the error case with common signalling can be multiple subframes or even radio frames depending on the reconfiguratation periodicity. Hence, the error rate of UL-DL reconfiguration signalling should be reduced to the level of 1e-5 or 1e-6, in order to minimize the consequences of the signalling errors. The problem is that reduced error rate will introduce considerable overhead either in DL or UL side. Furthermore, one of the challenges related to common signalling is that in practice it’s fairly difficult to improve the reliability of the signalling. For example, providing UE-specific resources in uplink to confirm that UL-DL reconfiguration was received correctly is a challenge. 
Based on this analysis, we make the following observation and proposal:
Observation: It seems to be difficult to ensure robust enough UL-DL reconfiguration signaling when using common signaling.
Proposal: Reliability enhancement for UL-DL configuration signalling needs to be included in further studies related to common signalling.
Dedicated signalling:

When using dedicated signaling for dynamic UL-DL reconfiguration, an explicit indicator is included in the MAC or PHY signalling transmitted to the UE. The indicator may be always present in certain DCI formats (PHY approach) or it may be transmitted only when the configuration is changed (MAC). 

The error rate achievable by dedicated signaling varies between 10-3 and 10-2, depending on the exact signaling type (MAC, PDCCH) [2]. The benefit of dedicated signalling is that eNB can use uplink signal (PUCCH or PUSCH) to identify missed detection separately for each UL-DL reconfiguration. This indicates that the error rate of UL-DL reconfiguration signalling can be reduced to the level of 10-5 and 10-4 with the assumption that DTX detection at eNB operates with error rate of 1e-2. It is also noted that when using dedicated signalling, the consequences of the signalling errors are less serve compared to common signalling. For example, when using physical layer signalling, single error case (false alarm or missed detection) relates to only a single subframe and single UE.

Implicit signallig is a specific form of dedicated signaling where the UE determines the link direction implitly by means of PDCCH blind decoding. The advantages of this approach include low overhead whereas the main challenges relate to UE power consumption due to excessive blind decoding, false positive problem as well as challenges related to CSI measurement & reporting [4]. 

4
Conclusions
In this contribution we have discussed signalling mechanisms needed to support dynamic TDD UL-DL reconfiguration. Based on the discussion we make the following observation and proposal:

Observation: It seems to be difficult to ensure robust enough UL-DL reconfiguration signaling when using common signaling.
Proposal: Reliability enhancement for UL-DL configuration signalling needs to be included in further studies related to common signalling.
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