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Introduction
The new Rel-14 work item on enhanced LAA is tasked with specifying efficient operation of uplink LAA [1].  The channel access mechanism functionality for UL transmission should be addressed and the decisions made in RAN1 during Rel-13 should be used as a starting point [2]. The following was agreed in RAN1 #84 [3]:
· Agreement: In Rel-14 LAA, UL grant(s) for a UE in a subframe can enable PUSCH transmission for the UE in multiple subframes in LAA SCell for both cross-cc scheduling case and self-scheduling case.
· FFS: Detail
· Agreement: For UL transmission in eLAA Scells, flexible timing between the subframe carrying the UL grant and subframe(s) of the corresponding PUSCH(s) is supported
· Working assumption: The minimum latency is 4ms
· Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported
· For the details of UL grant(s) for a UE in a subframe enabling PUSCH transmission for the UE in multiple subframes in LAA SCell, at least the following options are considered
· Option 1) Single UL grant in a subframe for a UE can schedule N (N1) PUSCH transmissions for the UE in N subframes with single PUSCH per subframe
· FFS: N is consecutive or non-consecutive
· Option 2) Single UL grant in a subframe for a UE can schedule single PUSCH transmission in a single subframe while UE can receive multiple UL grants in a subframe for PUSCH transmissions in different subframes
· Option 3) Single UL grant in a subframe for a UE can enable the UE to transmit single PUSCH transmission  among one of the multiple subframes depending on UL LBT result
· FFS: Two stage grants. A common semi-persistent grant provides high level information (e.g. RB allocation, MCS etc.) and a second grant in a subframe for a UE can schedule PUSCH transmissions following options 1 and 2 for certain UL subframes

In RAN1#84bis, the following was further agreed.
Agreement:
· DCI format(s) to schedule PUSCH transmission in k<= N subframes with single TB per subframe or two TBs per subframe 
· Value(s) of N is FFS
· Value N is either semi-statically configured or hard-coded, to be further decided
· DCI format(s) will have the following scheduling information types:
· Type A: common to all the scheduled subframes (appearing only once in a DCI)
· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index
· Type B: subframe specific information (appearing N times for N subframes scheduling)
· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
· FFS details of scheduling timing indication, and whether it’s type A or type B
· FFS: Type C: applied only to one of the scheduled subframes (appearing only once in a DCI)
· CSI request, SRS request, TPC
· Note: there are maybe other information fields in DCI, to be decided later
· Note: the DCI formats here may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH

After RAN1#84bis, there was an email discussion on this topic where the following was further agreed.
<Agreements>
MSF(multi-subframe scheduling) DCI at least includes the following information (in addition to previous agreements)
Scheduled subframes per MSF
FFS: details of how to decide/indicate scheduled subframes
common MCS value for all the scheduled subframes
UL TPC per MSF
UL TPC applies for all subframes non-cumulatively in both accumulated and absolute modes
SRS triggering per MSF
Starting PUSCH DFT-S-OFDM symbol
FFS for details
Ending PUSCH DFT-S-OFDM symbol
FFS for details
Subframe timing for PUSCH transmission
FFS for details
FFS: LBT type (e.g., 25us LBT or Cat4 LBT, CWS, etc.)
FFS: details of signaling (e.g. joint coding to reduce the number of bits) for the above information
 
<Working assumption>
For LAA uplink, and for a given PUSCH TM, UE doesn’t need to detect MSF DCIs with different payload sizes for each TM.
FFS: configurability of maximum number of subframes where a MSF DCI can schedule
For LAA uplink with single codeword, maximum number of HARQ processes = 16 are supported
For LAA uplink with two codewords, supportable number of HARQ processes is doubled without introducing explicit HARQ process IDs. The same principles of handling two codewords in DL scheduling are applied for UL scheduling

In this contribution, we provide further analysis and design for multi-subframe scheduling support in Rel-14 eLAA.
Multi-subframe scheduling methods
As discussed in [2], it was observed that LAA UEs had difficulty in competing with Wi-Fi nodes to access the medium at the scheduled UL subframe especially in the case of self-carrier scheduling. This resulted in significant LAA UL throughput degradation even with fast UL LBT schemes. The main limiting factor at low load is not the UL LBT scheme itself (since only few users are active at the same time), but rather the UL grant transmission method. This should be addressed in the design of the multi-subframe scheduling methods.
Information in Multi-Subframe Grants
The Rel-8 UL index for TDD UL/DL configuration #0 is based on a bit map principle: the two bits indicate which or both of subframe n+6 and n+7 are scheduled for UL transmissions. This basic principle can be directly applied to the present multi-subframe scheduling for LAA SCells if the number of subframes being scheduled is small. In this case, a bitmap of the N addressable upcoming subframes can be used to indicate the subframes in which the current DCI is applicable. The scheduled subframes can hence be consecutive or non-consecutive. In the latter case, the eNB can provide necessary operation parameters to the scheduled UE [4]. More specifically, the bitmap covers the first schedulable subframe (based on the grant delay, e.g., n+4 for the legacy delay) until the furthest subframe (e.g., n+N+3). 
However, if N can be a larger number, then it may suffice to allow the multi-subframe grant to address N consecutive subframes. In this case, the UE should be able to receive at least two separate grants so that two discontiguous sets of contiguous subframes can be scheduled. The ability to have at least two discontiguous sets can be quite important since obtaining channel access to send the UL grant is not guaranteed in unlicensed spectrum.
Proposal: Multi-subframe scheduling for a LAA SCell can be based on one of the following options
· A bitmap of the N addressable subframes. With legacy grant delay, the addressable subframes from subframe n are n+4, n+5, …, n+N+3.
· A set of N contiguous subframes per UL grant with the UE being able to receive at least two separate grants in the same subframe.

The Rel-13 LAA specifications recommend four different LBT and MCOT parameters for four different access classes. For instance, the best effort class allows an MCOT of up to 8 ms. However, the LAA base stations and UEs shall also comply with additional regional regulatory requirements. In certain cases, the MCOT can be further restricted or requires additional steps (e.g., additional CCA). Therefore, it is beneficial to allow the eNB to set the number of addressable subframes in a multi-subframe scheduling DCI via higher layer configuration. The range of valid value for N can be, for example, 2 to 7. The minimum of 2 is selected because multi-subframe scheduling with N=1 is effectively a single-subframe scheduling. The maximum of 7 is based on the 8 ms recommended MCOT value.
Proposal: The number of addressable subframes, N, is configurable by higher layer from a range of valid values. Valid values for N are 2, 3, 4, 5, 6 and 7.


The designs presented in the last section for self-carrier scheduling can be applied to cross-carrier scheduling. The same carrier indicator mechanism in existing specs can be reused.
The designs can be further extended to multi-carrier scheduling. To reduce complexity and to enhance coexistence with Wi-Fi, excessive flexibility for multi-carrier multi-subframe may be better avoided. It should be enough to enable identical multi-subframe scheduling on a choice of multiple carriers. Therefore, an additional bitmap of the configured carriers (in the unlicensed band) can be used to indicate which carriers the UL multi-subframe scheduling DCI is applicable for.
Proposal: Cross-carrier multi-subframe scheduling is supported using the carrier indicator mechanism.
Proposal: Multi-carrier multi-subframe scheduling is supported using a bitmap of the configured carriers.

For the signaling of the starting and ending PUSCH DFT-S OFDM symbol, it may seem that it is enough to signal this for the first and last subframe in the burst. However, due to TXOP limits, it may be useful to provide gaps in between a set of subframes that have been scheduled. For example, if the highest priority class is to be used with a category 4 LBT procedure, then only two subframes can be transmitted without any LBT. If more subframes are needed, another category 4 LBT procedure must be executed. In order to provide a gap for this LBT to be completed (in which time competing nodes from other technologies will also have an opportunity to access the channel), the ability to signal ending and starting PUSCH DFTS-OFDM symbols for subframes in the middle of a set of subframes would also be useful.. It must be assessed whether this is better to signal on a per-subframe basis within a single grant or whether it is better to use multiple DCIs for this purpose. If multiple DCI messages are used, there may be a benefit to allowing the UE to receive more than two DCI messages. 
Proposal: The eNB should be able to create gaps for LBT by signaling the starting and ending DFTS-OFDM symbols of PUSCH in the midst of a sequence of allocated UL subframes using one of the following options. 
· A multi-subframe grant with signaling to allow indication of starting and ending DFTS-OFDM symbols for PUSCH for subframes in the middle of a sequence of subframes
· A multi-subframe grant with signaling to allow indication of starting and ending DFTS-OFDM symbols for PUSCH only for subframes in the beginning or end of a sequence of subframes, with the UE being able to receive at least two separate grants in the same subframe
	
The parameters for LBT have been left for further study in the current agreement. The signaling of at least the type of LBT to be performed by the UE before the start of transmission should be signaled to the UE. This is because there is a necessity to be able to tell the UE whether it should use a 25 microsecond LBT or a category 4 LBT procedure in order for the eNB to ensure that it can meet the MCOT limits. When the eNB is sure that certain allocated subframes lie within the MCOT limit, the eNB can indicate to the UE that a 25 microsecond LBT must be used. On the other hand, when an allocated subframe may lie outside the MCOT limit, the eNB should indicate to the UE that a category 4 LBT procedure should be used. Without the ability to do this, the effects of having a long grant delay of 4 ms will have a negative impact on performance since the eNB must always schedule only within MCOT limits and then to start a new MCOT, it needs to perform another category 4 LBT procedure and the UE has to wait for the grant delay before it can start transmission. The signaling of the contention window size, whether done explicitly or implicitly is also important as discussed in [4]. This is because when contention windows get very large, the amount of time required to perform LBT may exceed even the grant delay of 4 ms. However, the signaling of the contention window could potentially be done implicitly with the use of the HARQ process number and NDI bits.
Proposal: The multi-subframe grant should allow indication of LBT type to choose between a 25 microsecond short CCA or a category 4 LBT procedure at the UE. The eNB should be able to control the contention window used by the UE either via explicit signaling within the multi-subframe grant or through implicit signaling using the HARQ information fields.

Another LBT parameter that will likely need to be signaled to the UE is the LBT priority class. Considering that UL transmissions are scheduled, a case could be made that all UL transmissions should be treated as belonging to the highest priority class. However, even though triggered response transmissions are scheduled, in IEEE 802.11, the priority class guidelines are followed when a 25 µs LBT is used. In LTE, while scheduling can be done based on  knowledge of the buffers at the UE for the various bearers reported in the buffer status report, the UE makes the final decision on logical channel prioritization. However, since the allocations are made based on the reports, it may be reasonable to pass on information on the priority class used for the channel access to the UE. Two bits to indicate the priority class could be used for the multi-subframe grant with the two bits indicating the priority class used by the eNB if the UE is signaled to do a 25 µs LBT and the bits indicating the priority class to be used by the UE for its category 4 LBT, if the UE is signaled to do a category 4 LBT. The UE can use the information and perform the appropriate logical channel multiplexing.
Proposal: The multi-subframe grant should allow indication of LBT priority class. If the LBT type indicates a 25 microsecond short CCA, the priority class bits indicate the LBT priority class used by the eNB to gain access to the channel. If  the LBT type indicates a category 4 LBT procedure to be performed at the UE, the priority class bits indicate the LBT priority class to be used for the category 4 procedure at the UE. 

The current agreements still leave open the question of whether HARQ process numbers and redundancy versions should be signaled per subframe or should be signaled per grant so that they can be derived implicitly per subframe. It has been argued that the current framework used for eMTC should be reused for multi-subframe scheduling in this regard. This is not an appropriate approach since the use cases and operation environment for eLAA and eMTC are completely different. In eLAA, it is beneficial to have flexibility in assigning HARQ process numbers to different subframes. At the very least, if HARQ process numbers and associated values are to be derived implicitly, there should be flexibility provided through the ability to receive multiple DCI messages by a UE in a subframe. While the details depend on the choices made on various aspects, having some flexibility on HARQ process numbers for different allocated subframes is important.
Proposal: The multi-subframe grant should allow some flexibility in determining HARQ process numbers for different subframes allocated to the UE.  

With regard to two stage grants, it has been proposed to use a first grant that provides high level information (e.g. RB allocation, MCS etc.) and then a second grant in a subframe for a UE to schedule PUSCH transmissions. There appear to be several drawbacks with such an approach. The use of an additional grant to trigger the UL PUSCH transmission implies a higher probability of UL transmission failure, since both an additional DL LBT and UL LBT immediately afterwards must succeed before the PUSCH can be transmitted. In order to alleviate this issue, a better approach would be to schedule the UE in the first stage grant requesting the UE to perform a category 4 LBT procedure as discussed in [4]. If the UE then happens to receive a second grant which may simply be implicit, i.e., successful detection of a DL subframe, the UE can then use a short CCA for its LBT. This will serve the purpose of the two stage grants that have been proposed while at the same time not forcing an additional LBT operation in order to have some transmission on the UL
Proposal: Two stage grants, if supported, should be defined in a way that the first grant also can be used for an UL transmission in case the second grant is not received.
Conclusion
Based on analysis presented in this document, we propose the following.
Proposal: Multi-subframe scheduling for a LAA SCell can be based on one of the following options
· A bitmap of the N addressable subframes. With legacy grant delay, the addressable subframes from subframe n are n+4, n+5, …, n+N+3.
· A set of N contiguous subframes per UL grant with the UE being able to receive at least two separate grants in the same subframe.
Proposal: The number of addressable subframes, N, is configurable by higher layer from a range of valid values. Valid values for N are 2, 3, 4, 5, 6 and 7.
Proposal: Cross-carrier multi-subframe scheduling is supported using the carrier indicator mechanism.
Proposal: Multi-carrier multi-subframe scheduling is supported using a bitmap of the configured carriers.
Proposal: The eNB should be able to create gaps for LBT by signaling the starting and ending DFTS-OFDM symbols of PUSCH in the midst of a sequence of allocated UL subframes using one of the following options. 
· A multi-subframe grant with signaling to allow indication of starting and ending DFTS-OFDM symbols for PUSCH for subframes in the middle of a sequence of subframes
· A multi-subframe grant with signaling to allow indication of starting and ending DFTS-OFDM symbols for PUSCH only for subframes in the beginning or end of a sequence of subframes, with the UE being able to receive at least two separate grants in the same subframe
Proposal: The multi-subframe grant should allow indication of LBT type to choose between a 25 microsecond short CCA or a category 4 LBT procedure at the UE. The eNB should be able to control the contention window used by the UE either via explicit signaling within the multi-subframe grant or through implicit signaling using the HARQ information fields.
Proposal: The multi-subframe grant should allow indication of LBT priority class. If the LBT type indicates a 25 microsecond short CCA, the priority class bits indicate the LBT priority class used by the eNB to gain access to the channel. If  the LBT type indicates a category 4 LBT procedure to be performed at the UE, the priority class bits indicate the LBT priority class to be used for the category 4 procedure at the UE. 
Proposal: The multi-subframe grant should allow some flexibility in determining HARQ process numbers for different subframes allocated to the UE.  
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