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1. Introduction
For LAA, the following has been agreed on PDSCH transmission in RAN1 LAA ad hoc meeting: 
Agreements: 
· LAA supports transmitting PDSCH when not all OFDM symbols are available for transmission in a subframe according to LBT, also support delivering necessary control information for the PDSCH 
· FFS starting/ending OFDM symbols of the PDSCH 
For FBE-based approach the CCA position can be defined such that the transmission starts at the subframe boundary. For LBE-based approach, on the other hand, the (e)CCA can succeed at any time. So partial subframe transmission at the beginning of a transmission burst is more of an issue for LBE-based approach. One important issue to address for the initial partial subframe transmission is the delivery of the corresponding DCI to the UE, which is the focus of this contribution.

2. Discussion
The potential solutions for delivering DCI for the initial partial subframe transmission include a combination of a few different dimensions:
· Self-scheduling or cross-carrier scheduling
· PDCCH or EPDCCH
· DCI transmitted in the current subframe or in the next subframe

If we assume DCI is transmitted only after the eNB successfully performs (E)CCA, cross-carrier scheduling with (E)PDCCH in the current subframe is not always possible because it may already be in the middle of a subframe when (E)CCA succeeds and the transmission on the scheduling carrier has already started. Except for this, all other combinations are feasible, with the pros and cons being analyzed below.
1. Self scheduling with PDCCH(-like) in the current subframe
In this case, the PDCCH is not exactly the same as in Rel-12. PDCCH is currently being transmitted in the first 3 OFDM symbols, which can no longer work for the initial partial subframe transmission on LAA. But LAA can largely reuse the design of PDCCH, but start the transmission only after it grabs the channel. The number of symbols can be either dynamically signaled using a PCFICH-like channel, or fixed (e.g. it can be less than 3 to save overhead, when the number of OFDM symbols for PDSCH transmission is small).
Pros: No additional buffering required at the UE compared to the legacy PDCCH operation.
Cons:
· Because the starting position of PDCCH is variable, it requires the UE either to blindly detect the starting position, or rely an alternative mechanism to detect the starting position. This means additional UE complexity.
· Even though it can largely reuse the legacy PDCCH design, there are still some specification changes expected:
· The CCE mapping would be different from the legacy PDCCH due to no presence of PHICH and different presence of reference signals (CRS, CSI-RS, DMRS). Depending on which OFDM symbols the new PDCCH channel occur, the presence of the reference signals would be different.
· The reference signals for PDCCH demodulation need to be re-considered. A straightfoward approach would be to simply adopt a truncated CRS pattern for the new PDCCH decoding, i.e., use the CRS in the remaining subframe.
· It is additional UE complexity because the UE needs to decode a different version of PDCCH.
2. Self scheduling with EPDCCH in the current subframe
Similar as in option 1, EPDCCH would start the transmission after the eNB gets the channel access.
Pros: No additional buffering required at the UE compared to the legacy EPDCCH operation.
Cons:
· Similar as in option 1, it requires the UE either to blindly detect the starting position of EPDCCH transmission, or rely an alternative mechanism to detect the starting position. This means additional UE complexity.
· There may be additional specification impact due to the variation in the number of remaining symbols in the subframe. For example, some modification may be necessary to ensure the reliable transmission of EPDCCH since the number of remaining symbols is smaller than that in a regular subframe. This would result in additional UE complexity.
For EPDCCH, there is a similar issue on reference signals for EPDCCH demodulation as in option 1. However, EPDCCH is demodulated using DMRS, similar to PDSCH. So as long as DMRS-based transmission scheme is supported for PDSCH in the partial subframe, the same approach can be used for EPDCCH. 
3. Self scheduling with (E)PDCCH in the next subframe
DCI for the current partial subframe can be transmitted in the next subframe using (E)PDCCH on the same LAA carrier.
Pros:
· No or little change on (E)PDCCH transmission/decoding in either specifications or UE implementation.
· The starting position of PDSCH in the partial subframe can be indicated in the DCI. So no blind detection or alternative mechanism is required at the UE to detect the starting position.
Cons: When DCI is transmitted in the next subframe, it requires the UE to buffer all the data symbols before DCI is successfully decoded in the next subframe. This requires more UE buffering compared to the legacy behavior. E.g. comparing DCI in PDCCH (or EPDCCH) in the next subframe vs. in the current subframe, it requires roughly additional buffering of a whole subframe.
4. Cross-carrier scheduling with (E)PDCCH from a licensed carrier in the next subframe
This is similar to option 3 except that cross-carrier scheduling is used instead of self-scheduling. It has similar pros and cons as option 3.
Comparing these different approaches, option 3 and 4 requires no or minimum change in the DL control channel, and it requires no blind detection on the starting position of the transmission, but it can require up to one subframe additional buffering at the UE. Option 1 and 2 on the other hand do not require additional buffering, but they involve more specification impact and UE complexity to handle a new (E)PDCCH, and the UE also needs to blindly detect the starting position of the transmission.
Weighing the pros and cons of these approaches, it appears to be worthwhile to add additional buffering capability at the UE to avoid the complexity associated with modifying (E)PDCCH and blind detection of the starting position. In addition, option 3 and 4 allow a unified approach to support self-scheduling and cross-carrier scheduling, while cross-carrier scheduling cannot be supported with option 1 and 2. (In our companion contribution [1], it is proposed that both self-scheduling and cross-carrier scheduling should be supported in general.)

The above options assume that the DCI is transmitted only after the eNB successfully performs the (E)CCA. An alternative would be that the eNB transmit a DCI on a licensed carrier before the success of (E)CCA. In this case, the DCI is transmitted as an indication of the intention that the eNB wants to transmit, rather than an actual transmission. This assumes that the UE does not rely on the DCI to know the starting position of the PDSCH transmission (e.g. the UE can use the detection of an initial signal to derive the starting position). Once the UE detects the start of the data transmission, the UE can use the DCI that was received previously to decode the packet in the partial subframe. By doing so, it avoids the additional UE buffering that is required when the DCI is delivered in the next full subframe. It also avoids the new (E)PDCCH design in the partial subframe that is needed when the DCI is delivered in the partial subframe itself.
Because it can be uncertain how long the (E)CCA takes, the eNB and the UE would not know in which subframe the eNB may be able to get the channel. To maximize the efficiency and avoid the waste of DCI transmission on the licensed carrier, this pre-transmitted DCI can have a valid duration associated with it.
Figure 1 provides an example of using such an approach.



Figure 1. An example of sending DCI on a licensed carrier in advance for the partial subframe on LAA

The disadvantage of such an approach mainly comes from the uncertainty in the actual data transmission. If the channel is busy and the LAA carrier does not get the channel, the DCI messages sent on the unlicensed carrier are simply wasted. Assume the LAA carrier grabs the channel. If the eNB does not hold UEs’ data after pre-scheduling, depending on how much time it takes, the buffer status may become empty for some of the scheduled UEs (e.g. the data could have been scheduled on other carriers), resulting in waste of resources on both PDSCH and the DL grant. However, having the eNB hold data for the UEs would cause longer delay. So overall this may not be a desirable approach compared to the previous options.

Proposal 1: It is recommended to use (E)PDCCH in the next subframe for either self-scheduling or cross-carrier scheduling to carry DCI for the initial partial subframe in LAA DL.

Other than how DCI is transmitted, another issue is the contents of the DCI. There are a few possible ways to construct the DCIs for the partial subframe and the next full subframes:
· The DCI for the partial subframe is separate (or independent) from the next full subframe. 
· This means more control signaling overhead compared to the latter approach.
· The same DCI is shared for the partial and full subframe but the partial subframe and full subframe carry separate TBs.
· Same DCI means that e.g. MCS and resource allocation are the same for the partial and full subframe, which is reasonable for two consecutive subframes.
· A single DCI is used for a combined TB that is transmitted in the partial and full subframe.
· This means a larger TB. This is especially useful if the number of remaining symbols is small in the partial subframe and may not be worthwhile to send an independent TB.
These options should be considered further taking into account the overhead and the UE complexity. Note that this discussion is independent from how the DCI is transmitted.

3. Conclusion
In this contribution, we have discussed the pros and cons of different options to transmit DCI for the initial partial subframe and proposed the following:
Proposal 1: It is recommended to use (E)PDCCH in the next subframe for either self-scheduling or cross-carrier scheduling to carry DCI for the initial partial subframe in LAA DL.
In addition, a few options for constructing the DCI for the partial subframe are also discussed. It can be independently constructed, or it can share the same DCI as the full subframe with either separate or combined TB. These options can be considered further.
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