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1. Introduction
In RAN1
#80, the following agreement was reached regarding the channel reservation signals associated with LAA downlink transmissions:

Agreements:

· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following

· AGC setting

· Channel reservation

· Note: Transmission of the signal(s) may not be required 

· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following

· Detection of the LAA downlink transmission (including cell identification)

· Time & frequency synchronization

· Other functionalities if necessary

· Note that it is not precluded the same signal is used for all above and possibly other functions

· The above functionalities can be supported by other methods (including assistance from licensed carrier)

In a companion contribution [1], we are proposing that LAA downlink should be based on the LBE channel access rules to support the required listen-before-talk operation. In this contribution we discuss the details of LBE-based LAA downlink.
2. Discussion
As discussed in [1], LBE provides clear benefits over FBE in downlink, in particular in terms of providing fairness in channel access when other RATs and/or other operators are competing for the channel, and in terms of channel access latency. Therefore, our view is that the listen-before-talk in LAA downlink should be based on the LBE channel access rules.
For LBE-based LAA downlink operation, two fundamental design aspects need to be agreed upon. The first issue is whether the data transmissions can still start and stop only at subframe boundaries, or whether these restrictions should be relaxed. The second issue to resolve is the exact functions of the channel reservation signal, e.g. whether the signal needs to facilitate for instance burst detection and synchronization in time and frequency. Details of the channel reservation signal and related functions at the UE side are discussed also in a companion contribution [2]. However as we will discuss in this paper, the two aspects of data transmission start position and functions enabled by the channel reservation signal are linked.

Regarding the data (and control) transmission start and stop positions, one of the main aspects to be considered is overhead. In principle, the (E)CCA procedure for listen-before-talk can start and stop at any point in time when LBT is based on LBE, leaving a gap between gaining access to the channel and the start of data transmissions. Therefore, in order to avoid other devices obtaining the transmission opportunity during this gap, it was agreed that a channel reservation signal may be transmitted between the time the eNB is permitted to transmit and the start of actual data transmissions. Of course, any time during which the signal is transmitted purely for reserving the channel is basically overhead (aside from the other possible functions of the channel reservation signal). In this respect, the maximum channel occupancy time of 4 ms in Japan needs to be considered. With such short transmission bursts, unless some relaxations are introduced to data transmission start and stop positions, the overhead may become too high.

In RAN1#80bis, a way forward document [3] was presented regarding the possible start and stop positions. The options for the data transmission start and stop positions can be summarized as follows:

1. At a fixed OFDM symbol or a set of fixed OFDM symbols in a subframe: A limited set of OFDM symbols is specified where the data transmission can start. For instance, one possibility would be that the data transmission is allowed to start at any slot boundary. Similarly, for the stop position, it could be specified that any of the existing DwPTS configurations could be used for the last subframe of the transmission burst, to allow more flexibility.
2. At any OFDM symbol in a subframe: The data transmission is started in any OFDM symbol following a successful (E)CCA check. There could still be, possibly, a gap between the time instant of gaining access to the channel and the data transmission start, due to required transmit processing time at the eNB side, as is discussed in more detail below. Similarly the data transmission stop position could be in any OFDM symbol.

3. Only at a subframe boundary as in Release 12, i.e. the data transmission can be started at the start of the next subframe following a successful (E)CCA check, and stopped at the subframe boundary.

Transmission start position

Regarding the data transmission start position, one key question is how much processing time the eNB would require between gaining access to the channel and preparing the data transmission. Basically, if the data transmission is allowed to start at any symbol, the eNB would be able to prepare transport blocks of proper size only after passing the (E)CCA check, knowing the exact number of OFDM symbols available for data transmission within the subframe. The required processing time largely determines whether it makes sense to relax the data transmission start position. If the required processing time represents a significant fraction of the full subframe, the benefits of partial subframe transmissions in the beginning of the transmission burst are clearly reduced. On the other hand if the time is e.g. only a few OFDM symbols, it could make sense to allow a more flexible data transmission start position. Our understanding is that in principle it could be possible to perform at least some parts of the scheduling beforehand, such as selection of the UEs to be scheduled as well as PDCCH scheduling, leaving basically only the rate matching, turbo encoding and modulation parts to be performed after the (E)CCA. Nevertheless, as this is highly scheduler implementation dependent, it seems that input from network vendors is needed regarding the required processing time between gaining access to the channel and being able to transmit data and control channels.
From a UE perspective, there are also a few important issues to be considered. First, the UE obviously needs to be aware of the data and control starting position. This implies a linkage between the channel reservation signal functions and the transmission start position: If the transmission is allowed to be started in any OFDM symbol, the channel reservation signal needs to enable burst detection functionality as it is not feasible to e.g. perform blind PDCCH detection in every symbol. Second, independently of the transmission start position, PDSCH transmission should be preceded by PDCCH in order not to reduce the time that the UE has available for PDSCH processing. For instance, it was alternatively suggested that the PDCCH signaling for the partial subframe would be signaled together with the PDCCH of the next (full) subframe. In such case, the start of PDSCH decoding would be delayed until the PDCCH of the next subframe is decoded, obviously significantly reducing the PDSCH processing time (and increasing buffering requirements at the UE side). The fact that the PDSCH transmission burst needs to be preceded by PDCCH may restrict the feasible start positions as in that case it does not make sense to start the transmission close to the end of the subframe as there would be no more room for PDSCH. Alternatively, some kind of multi-subframe scheduling should be considered, with the PDCCH scheduling PDSCH in the current and following subframe(s).
As mentioned, overhead is obviously one of the main aspects to be considered. The worst case overhead associated with each of the three options is illustrated in Figure 1 in case of 4 ms maximum channel occupancy time assuming that the data transmission can be stopped in any OFDM symbol. As discussed above, the overhead in case 2, where the data transmission can start in any OFDM symbol, completely depends on the processing time required by the eNB for scheduling, rate matching and other functions required for transmission after the successful (E)CCA check. Here, a perhaps optimistic estimate of two OFDM symbols processing time is used. For the first case it is assumed that the data transmission could be started at any slot boundary. With these assumptions, the worst case overhead figures for case 1, 2 and 3 are 10.7%, 3.6% and 23.2%. While the exact overhead figures depend on various design aspects, such as the possible transmission stop positions, processing times etc., it is clear that restricting the start position to subframe boundary may lead to excessive overhead.
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Figure 1. Illustration of the worst case overhead related to various transmission start positions assuming 4 ms maximum channel occupancy time and fully flexible transmission stop position.
On the other hand, if it is deemed that the only possible data transmission start position is at a subframe boundary as in Release 12, it could make sense to defer the start of channel reservation (/synchronization) signal transmission until the last 1-2 OFDM symbols of the subframe. This would reduce the overhead due to excessive channel reservation signal transmission, but on the other hand also give the opportunity for other devices to grab the channel and as such to some extent reduce the benefits of LBE over FBE. Thus especially at high load there would be a negative performance impact due to the reduced possibilities of gaining access to the channel. However, whether the impact of this outweighs the impact of decreased overhead would require simulation studies.
We can summarize the above by the following observations:

Observations:

· If the transmission start positions are restricted to subframe boundaries as in Release 12, the channel reservation signal overhead may become excessive.
· Still, the benefits of being able to transmit partial subframes in the beginning of the transmission burst are highly dependent on the transmit processing time required at the eNB side.
· Input from network vendors is needed regarding the processing times.
· From a UE perspective:
· The UE needs to be aware of the start position – channel reservation signal may need to enable burst detection functionality.

· Control signaling needs to precede PDSCH transmission as in current LTE – otherwise PDSCH processing time may be reduced.
· An alternative to relaxing the transmission start position is to defer the channel reservation signal transmission.
· This has the obvious drawbacks in terms of reduced probability of gaining channel access.
Based on this discussion, we would prefer to enable more relaxed transmission start positions. But as discussed, this depends on various aspects regarding the exact design. In particular we would invite some input from network vendors on the required transmit processing times.
Transmission stop position

Compared to data transmission start position, the transmission stop position could more easily enabled to be located within the subframe. The last subframe and the latest possible data transmission stop position can be determined by the eNB as soon as the (E)CCA check is passed, knowing the maximum channel occupancy time. Thus, there should be no problem, in principle, in stopping the data transmission in any OFDM symbol within the subframe. Such partial downlink subframe transmissions are already used in LTE in special subframes. Thus, specification-wise, the DwPTS field and the related reference signal designs etc. could be reused for the purpose, simplifying the specification work. In such case, the only thing that is needed is some mechanism, either explicit or implicit, for indicating the used DwPTS configuration to the UE. If the data transmission should be allowed to stop even more flexibly in any OFDM symbol, some additional specification work may be needed e.g. in terms of reference signal patterns.

In addition, to improve the utilization of the transmission opportunities, another use case for allowing the transmissions to stop before the end of the subframe would be allowing a transmission gap before the start of the next subframe, in order to leave room for a (E)CCA check. This would be needed in particular if the data transmission start time remains restricted to subframe boundary. Basically, the eNB would need to stop the transmission a few symbols before the end of the subframe to enable the next transmission burst to start immediately in the next subframe.

Observations:

· Allowing a more flexible data transmission stop position:

· Improves the utilization of a transmission opportunity.

· Enables an idle gap, targeted specifically for (E)CCA before the next transmission burst starting from the subframe boundary.
· Specification and implementation -wise, the easiest way to allow a more flexible data transmission stop position is to allow any of the existing DwPTS configurations to be used in the last subframe.

Channel reservation signal
The final issue regarding the design of LBE-based downlink is the purpose and functions of the channel reservation signal. In [2], we have discussed the functions of the channel reservation signal in more detail and explained why we think that the signal should enable time and frequency tracking in addition to AGC setting which was already agreed. It was also explained that it may be possible to perform the two tasks even within a single OFDM symbol though AGC needs to precede time and frequency synchronization. Still, two symbols may be needed at least if cell detection functionality is also needed.

In [4], we discussed the overhead aspects of channel reservation signal in more detail, and concluded that the dominating factor in the overhead is due to the restrictions on data transmission start and stop positions. If those are relaxed, a channel reservation signal or a preamble of 2 OFDM symbols would add only 3.6% overhead in case of 4 ms maximum channel occupancy time. Thus we do not think that additional overhead is a major problem.

The relation of the channel reservation signal to data transmission start position is, as already mentioned, that if data transmission is allowed to start freely in any OFDM symbol, the UE needs a way to become aware of the starting point. One way to enable this is that the burst start position can be detected from the channel reservation signal (/preamble), which would basically require that the signal has good correlation properties. Even if the possible transmission start positions are limited to subframe boundaries, such functionality could enable battery savings, as the UE can perform burst detection instead of more costly PDCCH decoding. However, this would obviously depend on the reliability of burst detection compared to PDCCH decoding, and thus on the exact design of the signal.
To conclude, in our view each transmission burst should be preceded by a preamble of 1-2 OFDM symbols.

3. Conclusion 
In this contribution we have discussed the details of LBE-based LAA downlink. Based on the discussion and our observations we make the following proposals:

Proposals:

· Study further the feasibility of allowing data transmission to start in any OFDM symbol.

· Input is needed on the required eNB transmit processing times.

· Enable the data transmission to stop in any OFDM symbol according to the existing DwPTS configurations.

· Reuse the existing specification for the data transmissions in the partial downlink subframes as much as possible.

· The channel reservation signal should have a minimum length of 1-2 symbols and enable at least transmission burst detection as well as time and frequency synchronization in addition to AGC.
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