3GPP TSG RAN WG1 Meeting #84
R1- 160297
St. Julian’s, Malta, 15th – 19th February 2016
Agenda Item:
7.3.1.5
Source:
Huawei, HiSilicon
Title:
Analysis on LBT with category 2 and 4 for eLAA
Document for:
Discussion and decision 
1 Introduction
At TSG RAN #70 meeting, the work item on enhanced LAA for LTE was approved for Release 14 [1]. The objectives of this work item include:
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]
· If needed, specify support for PRACH [RAN1]
In this contribution, we discuss the channel access mechanism by comparing the LBT solutions of Cat.2 and Cat.4 and providing the preferences for different UL transmission scenarios of eLAA.
2 Comparison of Cat.2 and Cat.4
2.1 Pros and cons for candidate UL LBT solutions
The UL LBT scheme can be different from the DL LBT scheme [2]. Three candidate UL LBT solutions, Cat.2 one-shot CCA, shortened Cat.4 and normal Cat.4, are listed as follows, where the pros and cons for each solution are analyzed.
· Cat.2, i.e. one-shot CCA, where the UE should sense the channel to be idle for one slot after a defer duration
· Pros: 
· One-shot CCA can achieve fast channel access. 
· One-shot CCA easily avoids intra-cell blocking among multiplexed UEs (i.e. it allows multiple UEs to contend the channel simultaneously in one CCA slot and access the channel at the subframe boundary).
· Cons: 
· One-shot CCA may lead to aggressive channel access.
· Full Cat.4, where the UE should sense the channel following the procedure of DL Cat.4 independently of the eNB transmission. Although a full Cat.4 guarantees fair co-existence with Wi-Fi and other LAA operators, it requires a long sensing time which largely increases the risk of not being able to complete the countdown before the scheduled UL subframe. UEs that complete the countdown before the scheduled subframe can self-defer and access the channel at the scheduled time provided that no other device has accessed the channel in the meantime. UE could also reserve the channel until the scheduled subframe, but the maximum reservation signal length should be restricted to a reasonable level.
· Pros: 
· Full Cat.4 guarantees fair channel access for co-existing nodes.
· Cons: 
· Full Cat.4 significantly reduces the channel access opportunity of LAA UEs.
· If the eNB also senses the channel for sending the UL grant, the system ends up sensing the channel twice with a full Cat.4 LBT even in case of continuous transmissions of DL and UL.
· Shorten Cat.4, where the UE should sense the channel following a similar procedure with DL Cat.4 except that a shortened CWS set of, e.g., {3, 4, 5, 6, 7} is adopted [3]. Shortened Cat.4 largely reduces the backoff as compared to full Cat.4. On the other hand, variable CWS can provide relatively fair co-existence as compared to one-shot CCA mechanism.
· Pros: Shorten Cat.4 can achieve fast channel access while providing relatively fair co-existence.
· Cons: Shorten Cat.4 does not naturally align the sensing ending time among scheduled UEs.
2.2 Preference of UL LBT solutions

For PUSCH self-carrier scheduling, the UL grant is sent only when the eNB has accessed the channel after a full DL Cat.4. The UE can only occupy the channel after the channel sensing twice by both eNB and UE itself and by is restricted by eNB scheduling, which further reduces the channel access opportunity of the UE. Therefore, it is reasonable to adopt one-shot CCA or shortened Cat.4 with maximum CWS not longer than 7 for self-carrier scheduled UE.
For PUSCH cross-carrier scheduling, the UL grant can be sent without eNB sensing the channel, so a full Cat.4 may enable UEs to provide fair co-existence. However, one UE may not be persistently scheduled to occupy all the continuous UL subframes and the UL burst would generally be shorter than the DL burst. In addition, different from DL, the candidate UL data transmission start position is restricted to the start of the scheduled UL subframe, which implies that the UE has to wait for several ms of scheduling delay even if the channel is idle. Thus the maximum CWS of UL should consider a smaller value compared with DL. E.g., UL CWmax,3 for priority class 3 and CWmax,4 for priority class 4 can be reduced to 31 and 63, respectively. In addition, if the cross-carrier scheduled UL subframes are in a transmission burst within the DL TXOP, i.e. the DL+UL duration does not exceed the MCOT, the UE follows a similar access manner as self-carrier scheduling so that self-carrier scheduling LBT manner can be followed.
Proposal 1: 
· For PUSCH self-carrier scheduling: the UE uses one-shot CCA or shortened Cat.4 LBT with maximum CWS not longer than 7.
· For PUSCH cross-carrier scheduling: the UE uses a shortened Cat.4 LBT with maximum CWS longer than 7 but shorter than CWmax of DL, except the case when UL subframes are in a transmission burst within the DL TXOP.
For SRS without PUSCH, it might still be necessary for the UE to sense the channel before sending SRS to reduce channel collision. Since SRS is important to obtain channel state information by channel reciprocity in the unlicensed band, it is proposed to adopt one-shot CCA for SRS without PUSCH. However, if the SRS is multiplexed with PUSCH, the UE should follow PUSCH LBT. This is similar to the DRS LBT in the downlink transmission.
Proposal 2: One-shot CCA should be adopted for SRS without PUSCH.
3 Multi-user multiplexing issues
For Cat.4, there are two multi-user multiplexing issues related with LBT:
Issue 1: Aligning the transmissions among contending UEs, where multiplexed UEs with individual backoff counters need to align the start of transmissions at the UL subframe boundary.
Solutions for issue 1:

· Common backoff counter. eNB generates a common backoff counter and indicate to all multiplexed UEs in the same UL subframe. UEs can have a greater probability to simultaneously finish the countdown when the channels are all idle during the backoff, but the UE will lose the opportunity to occupy the channel if any eCCA slot is busy. However, counter misalignment would often occur due to different sensing conditions at UEs located in different parts of the same cell. On the other hand even if all UEs have individual backoff counters, each UE can estimate the backoff duration and align the end of countdown by starting backoff at different times. Thus it is not very meaningful to align the backoff counter at each UE.
· Self-deferral. UEs finishing the backoff countdown are required to wait for a self-deferral time. All multiplexed UEs finishing the countdown can perform a one-shot CCA to align their transmission start positions at the start of the scheduled UL subframe as shown in Figure 1 (a). The self-deferral may allow a Wi-Fi device to access the channel during the deferral period and all the LTE devices are therefore blocked.
· Reservation signal. UEs finishing the backoff countdown can transmit reservation signal to occupy the channel until the start of the scheduled UL subframe. However, the reservation signal sent by UE finishing the countdown may block the UE not finishing the countdown if they are closely located as shown in Figure 1 (b). To solve the intra-cell blocking among contending UEs, two candidate solutions can be considered.
· Intra-cell UE detection. The reservation signal can be considered as SRS or DM-RS to enable UE detection. Multiplexed UEs not finishing the countdown who are able to detect the reservation signal power of intra-cell UEs can then subtract the power from the total ED power. However, the reservation signal transmission shall be carefully designed, which introduces a non-trivial specification effort. Detection of the reservation signal transmitted from a UE also causes additional UE complexity.   
· Narrowband channel assessment.  Upon sensing the wideband channel as busy, a narrowband channel assessment is performed over the PRBs assigned to the UE [4]. If the narrowband channel is sensed as idle the UE can occupy the channel by sending the reservation signal. This way UEs’ reservation signals won’t block co-scheduled UEs, and UEs don’t need to detect reservation signals, but it imposes UE implementation complexity to perform the narrowband channel assessment. Fair coexistence with other systems also needs consideration.
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Figure 1. (a) Self-deferral + one-shot CCA can align the transmissions of contending UEs, while (b) reservation signal may lead to intra-cell UE blocking.
Proposal 3:  Self-deferral and reservation signal with intra-cell UE detection or narrowband channel assessment can be considered as possible solutions for aligning the transmissions among contending UEs.
For the cell where the impact of intra-cell blocking issue is negligible, e.g., there is only one UE that has UL buffer, or the multiplexed UEs are well isolated so that they would not block each other, the eNB can dynamically indicate the scheduled UE to allow sending the reservation signal after countdown without performing intra-cell UE detection or narrowband assessment. Otherwise the scheduled UEs are indicated not allowed to send reservation signals, or send reservation signals together with intra-cell UE detection or narrowband assessment.
Proposal 4: It is beneficial to enable dynamical indication to UEs whether reservation signal is allowed for the UL without performing intra-cell UE detection or narrowband channel assessment.
Issue 2: Intra-cell blocking among transmitting UEs and contending UEs, where the UE occupying two consecutive UL subframes may block the UE contending for the second UL subframe.

Solution for issue 2: 
· Idle symbols in the UL subframe. For a UE scheduled with two consecutive UL subframes, 1~2 SC-FDMA symbols can be reserved to be blank at the end of the first subframe or the start of the second subframe. The multiplexed UEs finishing LBT before the consecutive UL subframes and contending for the second UL subframe can perform one-shot CCA or shortened Cat.4 LBT with CWmax≤7 during the idle symbols. In addition, whether the blank symbol is required, or the positions of the blank symbols can be indicated to UEs for each scheduled UL subframe to enable more flexible resource utilization as shown in Figure 2. In addition, the impact to LBT by SRS symbol position may have a similar issue, and the detailed analysis can be found in the companion contribution [5].
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Figure 2. UEs are dynamically indicated to reserve blank symbols

· Narrowband channel assessment. Since the signal power of the transmitting UEs are not considered into the total ED power, there will be no intra-cell blocking among transmitting UEs and contending UEs. 
Proposal 5: 1~2 SC-FDMA symbols can be blanked to allow other UEs to sense the channel before the scheduled UL subframes. The existence and the position of the blank symbol should be dynamically indicated to UEs.
4 Conclusions
In this contribution, we analyzed the LBT mechanisms for eLAA UL transmission and provided suggestions on the preference of Cat.2 and Cat.4. Based on the discussions, we draw the following conclusions:
Proposal 1: 
· For PUSCH self-carrier scheduling: the UE uses one-shot CCA or shortened Cat.4 LBT with maximum CWS not longer than 7.

· For PUSCH cross-carrier scheduling: the UE uses a shortened Cat.4 LBT with maximum CWS longer than 7 but shorter than CWmax of DL, except the case when UL subframes are in a transmission burst within the DL TXOP.
Proposal 2: One-shot CCA should be adopted for SRS without PUSCH.

Proposal 3:  Self-deferral and reservation signal with intra-cell UE detection or narrowband channel assessment can be considered as possible solutions for aligning the transmissions among contending UEs.
Proposal 4: It is beneficial to enable dynamical indication to UEs whether reservation signal is allowed for the UL without performing intra-cell UE detection or narrowband channel assessment.
Proposal 5: 1~2 SC-FDMA symbols can be blanked to allow other UEs to sense the channel before the scheduled UL subframes. The existence and the position of the blank symbol should be dynamically indicated to UEs.
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