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1 Introduction

Based on RAN2#89bis meeting [1], UL LAA was discussed and the following agreements were made: 
	Agreements
For Uplink LAA transmission:

1
Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers. 

2
In line with RAN1 recommendation, asynchronous HARQ should be specified for UL HARQ in LAA SCells.

3
For LAA UL every retransmissions needs to be scheduled by PDCCH 




Each UL LAA (re-)transmission needs to be scheduled by PDCCH. However, the scheduled resource at eNB may conflict with the practically available resource observed at the UE side, which leads to unexpected results at eNB and need more effort and time to complete the UL transmission. 
Moreover, UEs in the neighborhood requesting uplink transmission to the same eNB are actually closely correlated for possible joint transmission. In other word, some of UEs are coordinated by eNB to perform UL transmission on the same subframe. The function of CCA at the UE side is in view of possible collisions with users pertaining to other cells or other unlicensed systems, rather than to contend the channel or block each other’s transmissions with the co-scheduled UEs.
In this contribution, we worked on the possible issues of UL transmission on the unlicensed spectrum, aims at overcoming un-predicable UL transmission as well as multi-user inter-blocking problem in the LAA system.
2 Design considerations for UL transmission in LAA
UL transmission in the current LTE system is relying on the centralized resource allocation via eNB, which should be followed even for unlicensed band operation. On the other hand, in Europe and Japan, the LBT regulations should be satisfied to transmit signals through unlicensed spectrum, includes UL transmission. Therefore, even if the eNB scheduled UL resource grant have been received at UEs, practical channel occupancy or availability of the granted resource is unpredictable, and basically counts on UEs’ CCA judgement for final decision. 
Resource contradiction between the scheduled resource and actually available resource could lead to inefficient UL source utilization on account of requisite re-allocation, or deferred transmission due to repetitive CCA detection. Compared to the existing resource allocation scheme working on explicit resource utilization, for transmission on unlicensed band, a new UL resource allocation scheme which bears on uncertain resource information is necessary. 
Another feature of UL transmission is multi-point to single-point transmission. Unlike the DL transmission, were only single transmitter point (eNB) involves in DL transmission, UL transmission includes multiple UEs transmit simultaneously within a cell. UEs being granted with UL transmission generally perform UL multiplexing in a specific subframe. Unfortunately, the function of CCA check performed at each UL UE will block each other’s uplink transmission, or the so-called inter-blocking effect. For example, if the scheduled UEs are in the neighbourhood and can reach each other. One of them succeed in the CCA check a head of others and occupies an available channel by sending a channel reservation signal until the beginning of next subframe. Co-scheduled UEs be aware of this signal will deem the channel in-available since it cannot pass the CCA checks and therefore refrain from transmission in the next subframe, which then leads to inefficient utilization of the unlicensed resource. 
Nevertheless, the transmission of reservation signal is indispensable in view of interference avoidance against other UEs pertaining to different LAA cells or other unlicensed systems. As a consequence, the format of reservation signal should be specifically designed, such that the aforementioned ambiguity can be resolved and make the UL multiplexing over unlicensed band possible.

Observation 1: A new UL resource allocation scheme shall be considered for reducing UL transmission latency and resource allocation overhead over unlicensed band.
Observation 2: The format of reservation signal shall be particularly designed to prevent inter-blocking effect for facilitating UL multiplexed transmission.

3 Mechanisms for UL transmission in LAA
On account of deficiencies in UL transmission for LAA, including inefficient UL resource allocation as result of inconsistent views between eNB and UEs, as well as difficulties in handling multiplexed transmission caused by multi-user inter-blocking. We proposed a new UL grant scheme, which can increase the utilization rate of eNB assigned resource as much as possible in each resource allocation period. Furthermore, on top of that, a specified format of reservation signal design is proposed, which can be recognized by co-scheduled UEs to fulfil multi-user multiplexing transmission, and also can be recognized by eNB to facilitate its UL channel detection of each UE’s UL data. 
a) Plural uplink resource allocation scheme
One of the arguments in exiting uplink grant mechanism working on unlicensed band is that the eNB allocated resources may conflict with the practically available resources, as a consequence, re-allocation overheads or deferred transmissions are inevitable. As a matter of fact, the unacceptable resources for certain UE, such as specified subframes or carrier channels, may be used by other UEs waiting for uplink resources at the same time.
For increasing the utilization rate of eNB scheduled resources, the concept of plural uplink resource allocation can be introduced, where multiple subframe or carrier channel resources can be jointly assigned to an UE to increase CCA check opportunities, while the CCA check failure happens, the access order of assigned resource can follow a priority given by eNB. 
Designation of subframes and carrier channels allocated for a UE can be annotated by using a two dimensional Bitmap indexing. Resource indices in a Bitmap are equivalent to a resource pool assignment, per-group or per-UE based resource pool assignment in a Bitmap can be considered. For per-group based assignment, UEs within a group share the same Bitmap, while in per-UE based assignment, each UE has their own Bitmap and the assigned resource pool could be partially overlapped. Overlapped Bitmap indexing among UEs increases the chosen probability of the assigned subframes or carriers as well as makes the UL multiplexing on a subframe possible. The explicit location of time-frequency resource for each UE within a subframe is additionally assigned by eNB.
b) Per-group based uplink grant
Continue from the above discussion on plural resource allocation. For overlapped Bitmap configuration, same subframe could be assigned for multiple UEs. This arouse the issue of multi-user inter-blocking, i.e., the UE grasps the channel first impedes other UEs’ transmission at the same time. For binding transmission of co-scheduled UEs on the same subframe, UEs need to identify the origin of received reservation signal, if it is comes from the co-scheduled UL UEs, then UE can feel free to joint transmission at the same subframe.

In view of this, we suggest that eNB grant a group of UEs at the same time with a given group ID, UEs in the same group share to the same ID and can be aware of each other by detecting the group ID information embedded in the reservation signal. As a result, joint transmission on the same subframe is possible and hence to increase uplink spectrum efficiency over unlicensed band. In consideration of different cells may apply the same group ID at the same time, which would lead to inter-cell interference. In addition to group ID, additional Cell ID information in the reservation signal can also be considered.
c) Location awareness UL data reception
From eNB’s point of view while receiving UL data, the uncertainty of resources being selected for UL transmission is increased on the contrary. eNB may have difficulty in determining which  subframes or carrier channel in the assigned Bitmap is actually being used by the scheduled UEs. Therefore, exhausted search over all possible resources is inevitable for eNB to detect each scheduled UEs. 

To relieve the blind search overhead at eNB. eNB can also monitor reservation signal transmitted by UEs before allocated subframes. In this way, eNB has the knowledge of occupied UL subframes and reduces searching area accordingly. Furthermore, if the reservation signal is capable of carrying the C-RNTI information, then it can further facilitates multiuser detection at the eNB. 
To sum up, the proposed operation of LAA UL transmission procedure includes as below:
· Step 0: UEs perform measurement over unlicensed carrier channels and feedback the results to eNB
· Step 1: UEs send scheduling request message to eNB for UL traffic.
· Step 2: After collecting scheduling requests, eNB allocates a resource pool (subframe, carrier) using Bitmap index and assigns a dedicated time-frequency resource within each subframe of the resource pool for each UE.

· Step 3: eNB selects a group of UEs having similar channel condition and simultaneously grant UL resource to these UEs with a group grant ID

· Step 4: UEs perform CCA on the assigned Bitmap resource and follow an access priority which may be given by eNB.

· Step 5: For the UE successfully pass CCA check send a channel reservation signal until the beginning of next subframe. The reservation signal may carrier following information.
· Group ID

· Cell ID

· C-RNTI

· Step 6: For UEs detect a reservation signal which originated from the same Group ID/Cell ID feel free to join the transmission over the next subframe.

· Step 7: eNB monitors assigned Bitmap resources with reservation signals inside and identifies the C-RNTI information for multiuser detection on the occupied resources. 
Proposal 1: Adopt pool-based (subframe and carrier) resource allocation scheme along with Group UL Grant for UL LAA.
Proposal 2: Reservation signal shall contain at least the following information:
(a) Group ID/ Cell ID for multiplexed transmission at the same subframe possible. 
(b) C-RNTI to facilitate the multiuser detection at the eNB.
4 Conclusions
Based on the discussion above, RAN WG2 is kindly asked to agree the following proposals:
Observation 1: A new UL resource allocation scheme shall be considered for reducing UL transmission latency and resource allocation overhead over unlicensed band.
Observation 2: The format of reservation signal shall be particularly designed to prevent inter-blocking effect for facilitating UL multiplexed transmission.

Proposal 1: Adopt pool-based (subframe and carrier) resource allocation scheme along with Group UL Grant for UL LAA.

Proposal 2: Reservation signal shall contain at least the following information: 

(a) Group ID/ Cell ID for multiplexed transmission at the same subframe possible. 

(b) C-RNTI to facilitate the multiuser detection at the eNB.
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