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1 Introduction
In RAN1WI meeting of LAA with supplementary downlink only, the following agreements are achieved for UL channel access [1]

UL LBT for LAA

Agreement:
· For self-carrier scheduling, the following UL LBT candidate procedures should be considered

· A CCA duration of at least 25 us before the transmission burst

· The sensing duration in a CCA slot can be less than the CCA slot duration

· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, and a maximum contention window size chosen from X={3, 4, 5, 6, 7},

· FFS: The random backoff counter is generated at the eNB and is signaled to the UE

· FFS: When a UL grant is subject to LBT with a new random counter, the UL transmissions scheduled by the UL grant also uses a new random counter (previous counter is discarded) irrespective of prior success/failure in accessing the channel. 

· The UL maximum contention window size should be smaller than for DL category 4 LBT

· Note that X = 7 can be revisited later after DL LBT discussions, if necessary

· FFS: Energy detection threshold used for UL LBT

Agreement:
· To avoid severe interference to on-going transmissions of other LAA networks or other technologies (e.g. Wi-Fi), LAA UE device should consider LBT before sending UL transmission burst.

· FFS: Whether and under what conditions the following option may be used.

· Transmission without LBT when an UL transmission burst on a carrier follows a DL transmission burst on that respective carrier with a gap of at most 16 µs between the two bursts

Note: Performance analysis shall demonstrate fair co-existence with Wi-Fi, when UL LBT procedure (including transmission without LBT) is used along with Rel-13 DL LBT procedure (including energy detection threshold applied at LAA eNB).

Agreement:
· For cross-carrier scheduling, when an LBT operation is performed on the SCell to send a grant on another Cell, the UL LBT procedure is the same as that for self-carrier scheduling. 

· For cross-carrier scheduling, when an LBT operation is not performed on the SCell, one or more of the following UL LBT procedures should be supported
· A CCA duration of at least 25 us before the transmission burst
· The sensing duration can be less than the CCA duration
· A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot, 
· FFS: The random backoff counter is generated at the eNB and is signalled to the UE
· FFS: Whether the UL maximum contention window size can be smaller than that for DL category 4 LBT

· FFS: Whether the UL maximum contention window size should be greater than that for self-carrier scheduled UL

· FFS: Energy detection threshold used for UL LBT
In this contribution, we present the discussion on the details of PUSCH and PRACH for eLAA.
2 PUSCH

2.1 UL LBT for PUSCH
In [2], it suggested that the channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point. And in the above agreement, two UL LBT candidate procedures are supported.

· Alt. 1, A CCA duration of at least 25 us before the transmission burst
· Alt. 2, A category 4 LBT scheme with a defer period of 25 µs including a defer duration of 16 us followed by one CCA slot
Considering the multiplexing by either MU-FDM or MU-MIMO among intra-cell UEs, it is better to limit the number of start position of UL transmission burst including PUSCH to only one in each subframe, for example, at the subframe boundary. Thus for Alt. 1 LBT procedure, the CCA duration of at least 25us should be the last 25us in the last symbol of the subframe. While for Alt.2 LBT procedure, the category 4 LBT scheme may be succeed before the subframe boundary. After that, a self-deferral procedure could be performed and a CCA duration of at least 25 us will be also performed before the transmission burst.
Proposal 1: Multiplexing by either MU-FDM or MU-MIMO among intra-cell UEs should be considered when discussing on the UL LBT procedure.
2.2 PUSCH design

UE is the transmitter for UL transmission. Different from the DL transmission, UE complexity should be firstly considered when discussing on the PUSCH design.
For DL transmission, there are two transmission start positions and multiple configurations for the ending partial subframe. In this case, the transmitter must be able to generate multiple type of TB size. In order not to increase the UE complexity, the configuration of PUSCH subframe should reuse that of Rel-12. It means that only two configurations of UL subframe for PUSCH should be supported, one is a full subframe and the other is a partial subframe not including the last one symbol which can be used for SRS transmission.  
Proposal 2: Only two configurations of UL subframe for PUSCH should be supported, one is a full subframe and the other is a partial subframe not including the last one symbol.

3 PRACH

PRACH is used for obtaining timing advance from the LAA SCell if the one from PCell is not suitable for the LAA SCell. For example, in the scenario that the LAA SCell is not co-located with the PCell or the frequency gap between the PCell and the LAA SCell is too large to use a same timing advance. Thus we propose to support PRACH on LAA SCell.

Proposal 3: PRACH on LAA SCell should be supported to obtain timing advance.

In the procedure of random access, a preamble will be transmitted in UL subframe or UpPTS. Each preamble format, illustrated in Figure 1, consists of a cyclic prefix of length
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 and a sequence part of length
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. The parameter values are listed in Table I in [3] and depend on the frame structure and the random access configuration. As noted in table I, there are five preamble formats with different time length for random access. 
· Format 0 needs one UL subframe for transmission. 
· Format 1 need two UL subframes for transmission. 
· Format 2 need two UL subframes for transmission. 

· Format 3 need three UL subframes for transmission. 
· Format 4 only needs UpPTS for transmission. 
In order to avoid random access collision, one preamble format selected from above five formats can be configured. While for LAA SCell, we think only some of above five preamble formats is suitable. LAA SCell is a small cell with small coverage and small number of UE in the coverage. The UL channel resource can only be used after UL LBT success and it should be allocated to PUSCH as much as possible to improve the spectrum efficiency. Thus the preamble formats with short length will be much more preferred.  
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Figure 1: Random access preamble format
Table I: Random access preamble parameters
	Preamble format
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	NOTE: Frame structure type 2 and special subframe configurations with UpPTS lengths 
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Considering the length of a cyclic prefix and the length of sequence part of each preamble format, we give the priority class of each preamble format. The preamble format with high priority will be configured in LAA SCell first. Obviously, the preamble format 4 with short length is much more preferred with the highest priority. Next is preamble format 0, preamble format 1 and 2, and preamble format 3 is the one with the lowest priority. In addition, similar to channel access priority class for PDSCH transmission, for each preamble format, we also give different channel access priority class. Refer to Table II, preamble format 4 has the highest channel access priority class. It means that preamble format 4 has much higher possibility to access the UL PRACH channel than other formats’ but the maximum channel occupancy time of preamble format 4 is much shorter than other formats’. The details of LBT procedure and parameters for each preamble format should be further discussed.
Table II: Priority class of preamble formats
	LAA adoption priority class
	Preamble format
	Channel access priority class
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	Other LBT parameters

	1
	4
	1
	2 symbols
	FFS

	2
	0
	2
	1 ms
	

	3
	1, 2
	3
	2 ms
	

	4
	3
	4
	3 ms
	


In addition to the time resource discussed above, the frequency resource of preamble should also be discussed. With same time resource, there are at most six frequency resources for random access in some UL subframe or UpPTS. Because of the dynamic UL/DL configuration and LBT procedure in LAA SCell, the UL subframe or UpPTS is difficult to be available. It is most likely that there are a large number of UEs waiting to send preamble for random access in each available UL time resource. Thus to avoid collision, it is better to configure more frequency resources for each UL subframe or UpPTS.

Proposal 4: Preamble format with short length is much more preferred for LAA SCell.

Proposal 5: Different LBT procedures or parameters should be configured for different preamble format.

4 UL subframe configuration and indication
As in eIMTA, the dynamically changed UL/DL configuration is configured periodically by DCI signaling [4][5][6]. For example, with 10ms period, if the UL/DL configuration of radio frame m is different from that indicated by the higher layer, the DCI signaling with CRC scrambled by eIMTA-RNTI can be detected in subframe 0 of radio frame m or in a subframe other than subframe 0 of the radio frame m-1. And the UL/DL configuration indicated by this DCI signaling will be valid in the radio frame m.

Thus the periodical configuration scheme in eIMTA can be used as a start point for LAA SCell. However, considering the LBT in LAA system, in our opinion there are some enhancements needed. 
· The length of the configuration period

In order to support more dynamically changed UL/DL traffic, a shorter period could be introduced for LAA, for example, 5ms.

· The configuration of UL/DL subframe
There are 7 UL/DL subframe configurations for TDD system. Considering the LBT in LAA, it is better that there are more continuous DL subframe and more continuous UL subframe in each radio frame. Thus, some new configurations should be added, such as examples in table III.
Table III:  New uplink-downlink configurations
	Uplink-downlink configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	7
	10 ms
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	8
	
	D
	D
	D
	D
	D
	D
	D
	D
	S
	U

	9
	
	D
	D
	D
	D
	D
	D
	D
	S
	U
	U

	10
	
	D
	D
	D
	D
	D
	D
	S
	U
	U
	U

	11
	
	D
	D
	D
	D
	D
	S
	U
	U
	U
	U

	12
	
	D
	D
	D
	D
	S
	U
	U
	U
	U
	U

	13
	
	D
	D
	D
	S
	U
	U
	U
	U
	U
	U


In addition to periodical configuration, aperiodical configuration can also be considered for UL/DL configuration considering the flexibility. For example, the DCI signaling with CRC scrambled by eIMTA-RNTI can be detected in subframe n to indicate UL subframe configuration. And this DCI signalling does not indicate the configuration number of Uplink-downlink configuration. It indicates that the location of the first UL subframe is subframe n+M and it also indicates the number of continuous UL subframes. Here we assume the value of M can be 4 according to the timing of aperiodical SRS transmission and the UL grant for PUSCH scheduling. With this method, UE takes all subframes as DL subframe unless receiving explicit signalling that the subframe is a UL subframe. And the explicit signalling includes such DCI signalling for UL/DL configuration and DCI signaling including UL grant.
Proposal 6: Periodical configuration of Uplink-downlink configuration in eIMTA can be reused by defining some new Uplink-downlink configurations.

Proposal 7: Aperiodical configuration indicating the location of the first UL subframe and the number of continuous UL subframes in the M subframes before can also be considered.
5 Conclusions
In this contribution, we present the discussion on the details of PUSCH and PRACH. Based on our analysis, we have the following proposals:
Proposal 1: Multiplexing by either MU-FDM or MU-MIMO among intra-cell UEs should be considered when discussing on the UL LBT procedure.

Proposal 2: Only two configurations of UL subframe for PUSCH should be supported, one is a full subframe and the other is a partial subframe not including the last one symbol.

Proposal 3: PRACH on LAA SCell should be supported to obtain timing advance.

Proposal 4: Preamble format with short length is much more preferred for LAA SCell.

Proposal 5: Different LBT procedures or parameters should be configured for different preamble format.

Proposal 6: Periodical configuration of Uplink-downlink configuration in eIMTA can be reused by defining some new Uplink-downlink configurations.

Proposal 7: Aperiodical configuration indicating the location of the first UL subframe and the number of continuous UL subframes in the M subframes before can also be considered.
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