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1   Introduction
In the LAA SI, several options for channel access were studied and the following conclusions were made in [1]
· A channel access framework that includes a category 4 LBT scheme including random backoff and variable contention windows is recommended at least for the downlink data transmissions. 
· It is recommended that LAA supports uplink LBT at the UE.

· In LAA systems, where the UE’s uplink transmissions are controlled by the eNB, the uplink channel access scheme can be different from the downlink channel access scheme for an LAA SCell. 

 In this document, we discuss channel access options for LAA uplink.
2   Discussion

Considerations for UL Channel Access
UL channel access
 should take the following considerations into account. 

1. UE should perform LBT for PUSCH transmission(s).
· The node (eNB) granting PUSCH transmissions is not co-located with the node (UE) making the PUSCH transmissions. Given this, even if the UE is granted PUSCH resources by eNB, it has to perform LBT before transmitting in order to avoid collisions with other transmitting nodes in its vicinity.  

2. LBT framework for the UE should be simpler than downlink.
· The channel access framework recommended for DL provides a flexible solution with many configurable options. Taking into account interoperability testing and UE implementation complexity, it is preferable specify a relatively simpler access scheme with minimal configurable options for UL. 
· For example, the DL access scheme allows multiple options for varying the contention window (dynamic vs. semi-static, exponential vs. non-exponential etc.). From a DL reception perspective, these options can be supported in a UE transparent manner. However, for UL, explicit specification and testing support should be separately provided for each option and our preference is to avoid this.  
3. Reservation signal transmission by the UE should be avoided.
· For DL, the SI identified that the eNB may transmit signals to ‘reserve’ the channel until it is able to schedule DL transmissions to LTE UEs. Similar mechanisms may have to be used for UL if the access scheme for DL is replicated for UL. However, considering the following aspects our preference is to avoid reservation signal transmission for UL.

· Interference - When multiple UEs share the same subframe, each UE can potentially transmit a reservation signal, this causes increased interference compared to DL.

·  UE power consumption – UE power consumption requirements are typically more stringent than those for eNB and it is desirable to avoid the extra power spent on reservation signal transmission. 
· Specification impact - As mentioned in [2], DL reservation signal transmission can be left to eNB implementation and therefore can be supported without PHY specification impact. This is not possible for UL.   

4. UE cannot be expected make a PUSCH transmission in response to every received grant.
· For regular LTE, if the eNB sends a grant in subframe n, it expects a PUSCH transmission from the UE in subframe n+k (k=4 for FDD, k=k1 for TDD
 where k1≥4 depends on UL/DL configuration), i.e., a minimum of delay of 3.34-4ms (depending on TA set by eNB) is provided to accommodate UE processing delay and other timing constraints. Given this, the eNB cannot accurately predict in advance (i.e., in subframe n) if the carrier will be free (near the UE) for PUSCH transmission and due to uncertainty with LBT, UE cannot always transmit PUSCH in subframe n+k in response to a grant received in subframe n. 
· Some of the approaches suggested during the SI, to address the inefficiencies resulting from the above issue are as follows.
· Approach 1 – eNB transmits a “reservation signal” between subframe n and subframe n+k. For example, as discussed in options 1a, 2a of [3].
· In our view, this approach is useful for the cases where the eNB is able to schedule regular downlink transmissions for most of the time between subframes n and n+k.
· Approach 2 – A ‘faster’ LBT scheme that increases the number of channel access attempts and also improves the probability of success during channel access is used for UL. For example, option 2b in [3] or the LBT scheme described in [4].

· In our view, an UL LBT scheme following this approach should be identified during the DL LAA WI, and the identified scheme should take into account other considerations discussed in this section.     

· Approach 3 – The strict timing relationship between subframe n and subframe n+k is relaxed. For example, using ‘multi-subframe’ [5], or ‘bundling of UL grants’ [6], or by allowing PUSCH transmission within a window of subframes for each corresponding grant as discussed in [2].
· Schemes falling under this approach can be discussed during a future UL LAA WI.
Proposed UL Channel Access Scheme
In this section we describe an UL access scheme that takes into account the consideration described in the Section 2.1. 
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Figure 1- Channel Access scheme for UL LAA
The proposed UL channel access scheme is shown in Figure 1 and described below

· If PUSCH transmission is granted for subframe n+4, UE performs LBT before transmitting the corresponding PUSCH 
· LBT is performed for a fixed duration(Tul-cca) that immediately precedes the beginning of subframe n+4

· The timing of subframe n+4 follows regular LTE UL timing (i.e., it takes into account any TA indicated by the eNB)

· Note that at least for UEs scheduled by the same eNB, transmissions of two UEs with different TA values do not overlap with each others’ CCA duration.

· The fixed CCA duration (Tul-cca) should be large enough to accommodate not only time required for energy measurement (Tcca) but also time required for the UE hardware to switch from RX to TX (Trx(tx) 

· Current assumption for LTE is that Trx(tx is 20us. However, this value is relatively large and RAN1 should ask RAN4 whether it is possible to have UE implementation with smaller switching time (e.g. <5us). 
· Taking into account UEs that may have PUSCH transmission in consecutive subframes, Tul-cca should also be chosen such that Tul-cca + Ttx(rx is less than DFT-SOFDM symbol duration where Ttx(rx is the UE TX to RX switching time.
· UE transmits shortened PUSCH in a subframe to accommodate CCA (e.g. in last DFT-OFDM symbol) for other UEs scheduled to transmit in the next subframe. 

3   Conclusions

In this document, we discuss channel access for LAA UL and propose the following
Proposal 1: The following considerations should be taken into account while determining the LAA UL channel access scheme

· UE should perform LBT for PUSCH transmission(s).

· LBT framework for the UE should be simpler than downlink.

· Reservation signal transmission by the UE should be avoided.
Proposal 2: The following channel access scheme should be used for UL LAA 
· If PUSCH transmission is granted for subframe n+4, UE performs LBT before transmitting the corresponding PUSCH.
· LBT is performed for a fixed duration(Tul-cca) that immediately precedes the beginning of subframe n+4

· The fixed LBT duration (Tul-cca) should be specified after taking into account the time required for energy measurement (Tcca) and also UE Tx to Rx and Rx to Tx switching times.

· Shortened PUSCH is transmitted by the UE to accommodate CCA for other UEs scheduled to transmit in the next subframe.

Proposal 3: RAN1 should ask RAN4 whether the current assumption on UE Rx to Tx switching time of 20us can be reduced to a smaller value (e.g. <5us)
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� We initially focus on PUSCH transmissions.


� When UL delay field is used, k =k1 or k1+1
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