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1 Introduction
In RAN1#72bis meeting, the following agreements regarding the signaling support were achieved:

· No new TDD UL-DL configurations are introduced in the BCT (in WI on TDD eIMTA)

· A signaling mechanism which explicitly or implicitly indicates TDD UL-DL reconfiguration by either 

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

· MAC signaling

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

where “PHY signaling” includes possibility of 

· UE specific or UE common signaling

· Using either existing or newly defined DCI formats
In this contribution, two issues on the signaling supporting TDD UL-DL reconfiguration are discussed, including the signaling of eNB adaptive TDD UL-DL reconfiguration capability and the candidate signaling solutions for TDD UL-DL reconfiguration.
2 Signaling of adaptive TDD capability
Up to Rel-11, TDD UL-DL configuration is broadcasted in SIB1 for idle mode UEs and is also carried in the RRC message for the connected mode UEs. In an adaptive TDD system, the TDD UL-DL configuration can frequently change from the UL-DL configuration indicated in SIB1. Hence, an efficient indication/notification method is needed for the network to inform UEs about the cell capability of dynamic TDD UL-DL configuration change. Once a UE receives the indication/notification from the cell, the UE will realize that the TDD UL-DL configuration in this cell may be different from that indicated in SIB1, i.e., the TDD UL-DL configuration in SIB1 should be overridden. Upon receiving such indication, the UE can adjust the DL measurement behaviour accordingly. For example, some DL subframes in the UL-DL configuration as indicated in SIB1 may not be used. This indicator should be exchanged among eNBs through X2-AP. When a cell receives the indicator from its neighbor eNBs, it should indicate this capability to its UE about the neighbor cell’s configuration for neighbour cell RRM measurements.
Proposal 1: The capability of a cell to support dynamic UL-DL reconfiguration shall be signalled.
As to the method to deliver such indicator, several options are possible: 
· This indicator can be carried in the System information block to inform RRC-idle and RRC-connected UEs about the cell’s TDD adaptivity capability. One example is that the adaptive TDD indication is carried in the SIB1. If this indicator is set “ON”, UE reading it should know that the TDD UL-DL configuration in the cell may be different from the configuration indicated in SIB1.
· The indicator can be carried in the RRC message to inform the RRC-connected UE.
· It is also feasible that the adaptive TDD indicator is embedded in reference signals that need to be detected before UE performing measurements on CRS.
3 Signaling for TDD UL-DL reconfiguration
3.1 PHY signaling
3.1.1 New DCI format
A dedicated DCI in a PDCCH/EPDCCH can be used to carry the dynamic UL-DL configuration. The time scale of this method is 10ms. Its pros and cons are summarized:

Pros:

· Minimum time scale is 10 ms. 

Cons:
· Larger signaling overhead;

· Increased blind decoding efforts;

· Significant specification impact. 
Larger signaling overhead: The main disadvantage of this method is the larger resource overhead than the MIB method to convey 3 bits. The new DCI format could be located in the common search space to be decoded by all UEs, rather than the UE specific search space. This reduces the common search space for other uses. Moreover, in the current specification, only 4 (144 REs) or 8 (288 REs) aggregation levels are allowed in the common search space. Since the new DCI format carries only 3 bits, the resource usage is quite inefficient. 
Increased blind decoding efforts: In addition, the size of the new DCI format (with only 3 information bits) is different from all other DCI sizes. This new DCI size would require additional blind decoding efforts. The PDCCH/EPDCCH carrying the new DCI format could be transmitted only in some predefined subframes, e.g., the first subframe in each even-numbered radio frame if the practical time scale is 20 ms. A “DCI format monitoring period” could be indicated in, e.g., SIB, to reduce unnecessary blind decoding for this new DCI. 
Significant specification impact: Potential specification impact to address the issues described above include specifying new DCI format, defining possibly another aggregation level (other than 4 and 8) in the common search space, defining the new DCI format monitoring period in SIB. Another issue is that a new common RNTI should be required to scramble the message. 

Proposal 2: The new DCI format method is not preferred due to the drawback in overhead, blind decoding, and specification impact.
3.1.2 Implicit indication
In this method, a UE is notified of (implicitly or explicitly) two reference UL-DL configurations. One is for UL (called the UL-reference configuration), and the other is for DL (called the DL-reference configuration). UEs can derive, from the reference configurations, which subframes may be used as either DL or UL flexibly (i.e., the subframes that differ in UL and DL reference configuration), and which ones are “fixed” (i.e., the subframes that are common in UL and DL reference configuration). The transmission direction of a subframe can be implicitly derived by the UE based on the eNB scheduling for UL transmissions. Specifically, only if a UL transmission is scheduled to be sent in a “flexible” subframe, the UE considers the “flexible” subframe as a UL subframe. Which subframes can be used for UL transmission follows the rule of the UL-reference configuration.  Without any positive UL grant, the flexible subframe is considered as a DL subframe where PDCCH/EPDCCH should be monitored. Similar to the UL grant, a PHICH with NACK used for scheduling non-adaptive UL retransmission could also be used to indicate a flexible subframe as a UL subframe. Which subframes can be used for UL retransmission is also based on the UL-reference configuration. In other words, the UL HARQ timing also follows the UL-reference configuration. To allow for more UL transmissions in flexible subframes, the UL-reference configuration should be the UL-DL configuration with the most UL subframes. 

The DL HARQ timing follows the DL-reference configuration. Similarly to allow for more DL transmissions in flexible subframes, a DL-reference configuration should be the UL-DL configuration with the most DL subframes. Both UL-reference and DL-reference configurations should be signalled to Rel-12 UE. One could be the UL-DL configuration indicated in SIB1 for legacy UE. Due to the legacy UE measurement issue, it is desirable that DL subframes according to the configuration carried by SIB1 are not flexible subframes. Therefore, the UL-DL configuration indicated in SIB1 can be considered as the UL-reference configuration. For the DL-reference configuration, additional signaling is required. 

The time scale of the implicit method is 10ms. Pros and cons of this method are summarized below:
Pros:

· Minimum time scale is 10 ms; 

· No signaling overhead;

· Very limited specification impact.
Cons:

· Erroneous UL (re)transmission triggered by UL grant/PHICH could cause interference to DL reception of nearby UEs. 

Erroneous UL (re)transmissions triggered by UL grant/PHICH could be an issue, which is also analyzed in contribution [5]. A 16-bit CRC check is used for PDCCH. It can detect errors in any arbitrary number of bits, and its error rate is 
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, worse case [7]. That is, it may happen, with a probability of 
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, that a UE is unaware that the received PDCCH is actually wrong. Let us call this kind of errors as naive errors. 

A false alarm of a UL grant occurs when a decoded PDCCH for which
· the payload length is equal to the length of a format 0 DCI; and
· the format0/format1A differentiation bit is ‘0’ 

passes the CRC check, while there is indeed no such grant from the network. Note that UL grant false alarms simply form a subset of PDCCH naive errors. In a flexible subframe arranged as DL, the probability that a UL grant false alarm occurs at a UE can be estimated as 
[image: image3.wmf]5

5

10

8

10

5

.

0

16

-

-

´

=

´

´

, where 16 (=6+6+2+2) is the number of blind decodings that may find a UL grant, and 0.5 is the probability that the bit corresponding to the flag for DCI format0/format1A differentiation happens to be ‘0’. This probability is over-estimated (i.e., higher than the true value) since some combinations of bits do not correspond to a valid DCI. For example, i) the decoded 3-bit carrier indicator may indicate an invalid component carrier index, ii) the decoded resource block assignment may correspond to an illogical resource allocation, iii) decoded padding bits may contain some ‘1’s, and so on. Even if the decoded DCI with naive error is valid and the UL transmission is issued, the influence of the transmission depends on some factors such as the UL transmission occurs at UL or DL subframes of the victim cell, the bandwidth of the decoded resource allocation, the geometric distribution of the aggressor UE and victims, and so on. The problem of false alarm UL grants has been in the LTE system since Rel-8. What is new here is the false UL grant may trigger a UL transmission in a DL subframe while nearby UE can be in reception mode (i.e., UE-UE interference). The impact needs further evaluations.

When a PHICH carrying an ACK is decoded to be a NACK, an erroneous UL retransmission occurs. The associated requirement is 
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 in the current RAN4 specification. Due to the high PHICH ACK-to-NACK error rate, eNB may schedule a UL retransmission via a UL grant rather than by PHICH, especially in bad wireless channel conditions. This eNB implementation could mitigate the impact of the problem caused by erroneously detected PHICH.
Based on the discussion, we have the following proposal

Proposal 3: The impacts of erroneous UL transmissions due to UL grant/PHICH should be further evaluated.
3.2 MAC signaling
Another way to indicate the TDD UL-DL configuration to UE is through MAC Control Element (CE). 

The reliability of the reception of the TDD UL-DL configuration indication message is very important. Wrong interpretation in the TDD UL-DL configuration may result in spurious UL transmission, i.e., preamble transmission, or HARQ-ACK transmission in a DL subframe, which may cause severe interference to other UE’s DL reception. In general, MAC signaling is more reliable than PDCCH signaling due to the HARQ protection. The probability of PDCCH misdetection is typically in the order of 10-2 while MAC reliability is in the order of 10-3~10-4. Besides, with HARQ-ACK feedback, eNB could know UE’s understanding on the TDD UL-DL configuration. The time alignment of the new TDD UL-DL configuration application between eNB and UE can be achieved by setting a pre-defined time, which can prevent misunderstanding between eNB and UE on the TDD UL-DL configuration. Furthermore, the time scale of MAC CE signaling is in the order of a few tens msec. Considering the traffic pattern change rate and the notification signaling overhead, we believe the adaption time order based on MAC CE signaling is enough for the TDD UL-DL configuration adaption.  
Observation 1: MAC CE signaling provides better reliability than PDCCH signaling.
Observation 2: With HARQ-ACK on MAC CE, eNB can align with UE’s understanding on the TDD UL-DL configuration.
Observation 3: The adaption time scale on MAC CE is enough for the TDD UL-DL configuration change. 

To inform UE a system configuration change by dedicated signaling may cause high signaling overhead, especially in addition to PDCCH, MAC signaling requires additional PDSCH resource, which is considered more expensive than PDCCH signaling. However, the gain of eIMTA exists for low to medium traffic load. In this case, the number of UEs is generally not large. Moreover, it is not necessary to send the MAC CE signaling to all UEs; for UEs with low traffic, they may simply follow the TDD UL-DL configuration in SIB1. 
Observation 4: Signaling overhead of MAC CE is not serious considering the number of UEs which requires the signaling. 
Although with HARQ-ACK feedback eNB can know well each UE’s understanding on the TDD UL-DL configuration, the timing of UEs’ successfully decoding the MAC CE to obtain new TDD UL-DL configuration may be different due to MAC CE scheduling in different subframes or due to MAC CE retransmissions for some UEs who are with NACK transmission or non-HARQ feedback to the MAC CE. Therefore, eNB should book-keep UE’s understanding on the TDD UL-DL configuration to prevent incorrect scheduling to UEs. eNB can either stop schedule these UEs in the ambiguity period, i.e., eNB already applies new configuration but UE still cannot decode the MAC CE for new TDD UL-DL configuration, or eNB should schedule UE according to the old TDD UL-DL configuration which is UE’s understanding. The complexity of the ambiguity handling should be taken over by eNB.  
Observation 5: The ambiguity of TDD UL-DL reconfiguration timing between eNB and UEs can be handled by eNB.
Due to the discussion above, we have the following proposal:
Proposal 4: RAN 1 to agree adopting MAC CE signaling for TDD UL-DL configuration indication.
4 Conclusion
In this contribution, we discussed two issues on the signaling supporting for TDD eIMTA. They are the signaling of adaptive TDD UL-DL reconfiguration capability and the candidate PHY and MAC layers signaling solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: MAC CE signaling provides better reliability than PDCCH signaling.
Observation 2: With HARQ-ACK on MAC CE, eNB can align with UE’s understanding on the TDD UL-DL configuration.
Observation 3: The adaption time scale on MAC CE is enough for the TDD UL-DL configuration change. 

Observation 4: Signaling overhead of MAC CE is not serious considering the number of UEs which requires the signaling. 
Observation 5: The ambiguity of TDD UL-DL reconfiguration timing between eNB and UEs can be handled by eNB.
Proposal 1: The capability of a cell to support dynamic UL-DL reconfiguration shall be signalled.
Proposal 2: The new DCI format method is not preferred due to the drawback in overhead, blind decoding, and specification impact.
Proposal 3: The impacts of erroneous UL transmissions due to UL grant/PHICH should be further evaluated. 
Proposal 4: RAN 1 to agree adopting MAC CE signaling for TDD UL-DL configuration indication.
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