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1. Introduction
As the outcome of the email discussion [75-02], several aspects of UL/DL reconfiguration signaling were agreed in [1]. This contribution discusses remaining details on UL/DL reconfiguration signaling in TDD eIMTA. 
2. Discussion
2.1. Reconfiguration DCI monitoring subframes
One issue remained in [1] is which subframes are the candidates of the reconfiguration DCI transmissions. One of the following two different approaches can be taken:
· Approach 1 Configuration-independent indication: In this approach, the bitmap design (i.e., the length and interpretation) is independent of the other configurations like SIB1 UL/DL configuration or the period of UL/DL reconfiguration. To be specific, only four subframes, SF#0, #1, #5, #6 of the last radio frame in the window are eligible for the reconfiguration DCI transmissions. Thus, the higher layer signaling always contains four bits for indicating the reconfiguration DCI monitoring subframes.

· Approach 2 Configuration-dependent indication: In this approach, the bitmap design has dependency of some other configuration parameters such that the candidates for reconfiguration DCI transmissions vary flexibly. For example, the number of bits per radio frame can change depending on the SIB1 UL/DL configuration so that any DL/S SF in SIB1 UL/DL configuration can be indicated as the reconfiguration DCI subframe. Alternatively, the number of bits per radio frame can be fixed to 10 and a description like “UE is not expected to be configured to monitor reconfiguration DCI in non-SIB-1 DL/S subframes” can be added. With respect to the number of radio frames usable for reconfiguration DCI transmissions in the window, this approach allows using all the radio frames to exploit the full flexibility.
No significant issue is seen in either approach because this is an issue of high layer signaling design. The flexibility can be slightly increased at the marginal additional complexity in RRC design, if approach 2 is taken. Regarding 80 ms periodicity, there is no reason to exclude this configurability, especially when approach 1, where the indication of the reconfiguration DCI subframes is independent of other configuration parameters, is taken.
Another issue is “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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· 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 
[image: image5.wmf]{

}

1

10

/

)

1

(

,

,

1

10

/

,

10

/

-

×

+

+

×

×

T

m

T

m

T

m

L

.
The description in Behavior 2 seems more generalized because it gives enough information to implement Behavior 1. On the other hand, implementation other than Behavior 1 is also possible, for example, by choosing the most reliable one after receiving all the transmitted reconfiguration DCIs for radio frames 
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. Also, in describing this behavior, it is necessary to clarify the precise meaning of “the same UL/DL configuration” -- whether it means the same “bit strings of the reconfiguration DCI” or the same “UL/DL configuration indicator(s) relevant to the UE.” If the former meaning is taken, the entire bits of the reconfiguration DCI should be the same irrespective of their actual usage. If the latter meaning is adopted, the UE shall not assume that the bits not relevant to it, which may be used for another UE with a different reconfiguration update period or future releases, are also the same for radio frames 
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Proposal 1: Subframes usable for reconfiguration DCI transmissions are 

· SF #0, #1, #5, #6 in the last radio frame in the window, or
· all the SIB1 DL/S SFs in the window.
Proposal 2: It needs to be specified “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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2.2. Information and size of reconfiguration DCI
One consideration point is that, by the agreement of using PCell CSS for reconfiguration DCI transmissions, it is not possible to accommodate UL/DL configuration indicators of all the serving cells in a single reconfiguration DCI having the length of DCI format 1C. For example, if PCell bandwidth is very small, DCI format 1C has only 8 bits in which only up to two indicators can be multiplexed. So, it is necessary to consider a solution that enables UL/DL reconfiguration of a plural number of aggregated cells via a narrow-band PCell. The following three options can be considered:
· Option 1: Supporting multiple reconfiguration-RNTI for a single UE. In this option, each RNTI can represent different set of serving cells configured for a UE. The reconfiguration DCI monitoring subframes can be common for the reconfiguration-RNTIs configured for a single UE.

· Option 2: Supporting multiple reconfiguration DCI monitoring subframe sets. In this option, UE is still configured with a single reconfiguration-RNTI but reconfiguration DCI for different set of serving cells is TDMed by using separated monitoring subframe sets.
· Option 3: Supporting a larger reconfiguration DCI size. For example, the reconfiguration DCI can have the size of DCI format 0, potentially by the eNB configuration considering the number of UL/DL reconfiguration indicators multiplexed together.

In some cases, a few bits in the reconfiguration DCI may not be used for the indication of UL/DL configuration for a UE. At least this happens when the length of the reconfiguration DCI is not a multiple of 3. Also, if only limited bits are used for the UL/DL configuration indication, the remaining bits may be used for another purpose. One way of utilizing these un-used bits is to do zero padding such that they can be used as virtual CRC. This requires high layer signaling indicating the number of UL/DL configuration indicators multiplexed in the reconfiguration DCI.

As discussed in [2], the CSI subframe set pattern can be implicitly configured via the reconfiguration DCI. However, no specific change is required for the reconfiguration DCI design because a 3-bit UL/DL configuration indicator in the reconfiguration DCI can be reused for this purpose; from the DCI detection point of view, this 3-bit indicator is seen as nothing but an indicator for a TP (or a cell) which may or may not be a serving cell of the UE.

Proposal 3: A solution needs to be defined to accommodate a plural number of aggregated cells in the reconfiguration DCI transmitted from a narrow-band PCell.
Proposal 4: Zeros are padded to the unused bits of the reconfiguration DCI.
2.3. UL grant validation
In addition to the current agreement on (E)PDCCH detection, it also needs to be clarified which UL grant is valid when a UE receives multiple UL-DL configurations by the explicit L1 siganlling, SIB1, and so on. For example, it is possible that a UE receives in subframe n a UL grant which schedules PUSCH transmission in subframe n+k, but at the same time, that UE also receives the UL-DL reconfiguration L1 signaliing which indicates subframe n+k as DL. In this case, it seems natural to discard the detected UL grant to prevent the UL from potentially generating unintended UE-to-UE interference. This implies that the UE still utilize the received reconfiguration DCI as a valid one for the other purposes, e.g., CSI measurement and (E)PDCCH detection even though it has observed conflicting DCIs (the reconfiguration DCI and the discarded UL grant).
A similar issue can be observed for the case of SRS, if it is allowed to transmit SRS in a flexible UL subframe [3]. Section 5.5.3.3 in TS 36.211 has the sentence “For frame structure type 2, sounding reference signal is transmitted only in configured UL subframes or UpPTS.” As an eIMTA-enabled UE has up to three different UL/DL configurations, the meaning of “UL subframes or UpPTS” needs to be clarified. It seems reasonable to interpret this part as “UL subframes or UpPTS indicated by the reconfiguration DCI,” which naturally implies that SRS transmission shall be dropped if the transmission subframe is indicated as DL by the reconfiguration DCI.

One related issue in the UL grant validation is how to determine the subframe location of PUSCH transmissions during the random access procedure. In TS 36.213, the related PUSCH timing is defined as follows:

============================<From TS 36.213>=================================

For the L1 random access procedure, UE’s uplink transmission timing after a random access preamble transmission is as follows.

a. If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe
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To have a clear common understanding between eNB and UE, the precise definition of the above “available UL subframe” needs to be agreed. As this random access procedure is commonly used both in RRC-idle and RRC-connected UEs, it seems proper to have a common reference by taking the UL-DL configuration defined in SIB1. 
UL grant validation also needs to be considered in the context of fallback operation. In principle, the UE shall assume the most conservative UL-DL configuration in doing each operation in order to prevent an unexpected behavior. For the DL-related operations including (E)PDCCH/PDSCH monitoring and CSI measurement, the current agreement implies that UE shall assume that only the subframes that cannot be changed to UL are configured as DL subframes. The same rationale can be applied to the UL-related operation perspective; UE shall assume that only the subframes that cannot be changed to DL are configured to be UL subframes. UL subframes in the DL-HARQ reference configuration cannot be changed to DL, so UE discards UL transmissions in a DL subframe in the DL-HARQ reference configuration.

Finally, we note that the above-discussed principle of UL grant validation needs to be applied to PUSCH transmissions triggered by PHICH-NACK.

Proposal 5: The L1 signaling for UL-DL reconfiguration is used to validate a detected UL grant; a UL grant is valid only when the associated PUSCH transmission occurs in a UL subframe indicated by the reconfiguration message. For the PUSCH transmission scheduled by the random access response, the UL-DL configuration in SIB1 is used as the reference in determining the “available UL subframe.”
Proposal 6: When a UE misses the DCI for UL-DL configuration, UL grant is valid only for UL subframes in the DL-HARQ reference configuration.

3. Conclusion
This contribution discussed details on UL/DL reconfiguration DCI design. Our proposals are as follows;

Proposal 1: Subframes usable for reconfiguration DCI transmissions are 

· SF #0, #1, #5, #6 in the last radio frame in the window, or

· all the SIB1 DL/S SFs in the window.

Proposal 2: It needs to be specified “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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Proposal 3: A solution needs to be defined to accommodate a plural number of aggregated cells in the reconfiguration DCI transmitted from a narrow-band PCell.

Proposal 4: Zeros are padded to the unused bits of the reconfiguration DCI.
Proposal 5: The L1 signaling for UL-DL reconfiguration is used to validate a detected UL grant; a UL grant is valid only when the associated PUSCH transmission occurs in a UL subframe indicated by the reconfiguration message. For the PUSCH transmission scheduled by the random access response, the UL-DL configuration in SIB1 is used as the reference in determining the “available UL subframe.”
Proposal 6: When a UE misses the DCI for UL-DL configuration, UL grant is valid only for UL subframes in the DL-HARQ reference configuration.
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