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1
Introduction
During RAN1#84bis [1], some first progress has been made on the needed changes and enhancements on LAA UL scheduling which we include here for reference:  

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

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
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 (N(1) 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 this contribution we give our input on additional changes needed as well as provide our input based on the so far reached agreements.

2
On Generic LAA UL grant enhancements
In this section we discuss generic enhancements needed, that would equally apply to individual and multi-subframe grants for the different scheduling options discussed at RAN1#84bis. The discussions on the different scheduling options can be found in Section 3.

2.1 UL HARQ operation related UL grant enhancements

During the LAA SI phase there have been discussions on introducing Asynchronous UL HARQ for LAA, which will have an effect on the UL grant design, as it requires information on the HARQ process ID as well as the redundancy version. 

Possible UL grants enhancements are therefore depending on UL HARQ operation decisions. We discuss LAA UL HARQ operation and our related proposals including the confirmation the SI conclusion/decision to base LAA UL operation using Asynchronous UL HARQ in a separate companion contribution [2]. 

Observation 1: UL grant enhancements will be needed when using Asynchronous UL HARQ operation (i.e. need to signal HARQ process ID as well as redundancy version). 

2.2 PUSCH resource allocation related UL grant enhancements

As extensively discussed in the SI phase and partially noted in the TR [3], there are certain limitations for PUSCH resource allocation coming partially from regulation (e.g. min. bandwidth occupancy) as well as negative effects of narrowband transmissions on the LBT operation in terms of co-existence. Therefore, a different PUSCH resource allocation mechanism with some restrictions will be needed for LAA compared to the rather flexible LTE UL resource allocation for licensed band carriers. This was also the reason to make a first agreement on the PUSCH waveform structure in RAN1#84bis [1] noted as: 
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH

Depending on the decision on the LAA PUSCH resource allocation mechanism, the number of bits used in the UL grant for resource allocation might be different (i.e. lower). As a consequence, the LAA UL grant might only contain the required number of bits for the needed LAA PUSCH resource allocation and not the number of bits for licensed band carriers. 

Observation 2: UL grant enhancements in terms of number of bits (i.e. less bits) required for LAA PUSCH resource allocation are envisioned, depending on the final design of the LAA PUSCH resource allocation. 

2.3 On flexible timing between UL grant and PUSCH transmission
A fixed timing relation as being present in LTE might not be feasible any longer considering more flexible (or no) LAA frame structure as well as unsuccessful DL LBT impacting the UL grant transmission in case of LAA UL self-scheduling. This has been the main reason in the discussion at RAN1#84 [1] to agree on introducing a more flexible scheduling timing for single subframe as well as multi-subframe scheduling:

Agreements:
· For eLAA, flexible timing between UL grant and UL transmission is supported

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

First let’s focus on the on the minimum latency here. Clearly, also for LAA we need to leave enough processing time for the UE between the UL grant reception and the starting of the related PUSCH transmission. In case the LTE licensed band processing requirements are used also for the LAA operation, there should be at least 4ms there. 
Proposal 1: Confirm the working assumption on having a minimum latency of 4ms between UL grant reception and the related PUSCH transmission.

Having this minimum latency clarified here, now let’s consider on how to introduce flexible scheduling timing for the start of a PUSCH transmission. Clearly, this information would need to be contained in the respective UL grant as otherwise the flexibility would be lost. Moreover, the smallest granularity for indicating some additional delay compared to the baseline N+4 assumption would be the subframe (i.e. 1ms) granularity. Having this in mind, for an additional scheduling delay flexibility of up to M subframes ceil(log2(M+1)) bits in the UL grant would be needed.  

Enabling to delay the PUSCH start compared to the UL grant too far in time also seems to be not really useful, as then the scheduling flexibility for some UEs that do not need ‘forward-scheduling’ (as e.g. UL cross-carrier scheduled) would be lost. On the other hand, for self-scheduling with rather UL heavy traffic and considering cross-UL TxOP scheduling just additional 3 subframes delay (i.e. 2 additional bits in UL grant) might be not sufficient. 

Considering the tradeoff between the larger UL grant size and scheduling flexibility, we think that 3bit, or 7ms additional scheduling flexibility, could be sufficient. This is illustrated in Figure 1 here: 
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Figure 1: Principle of flexible UL grant to PUSCH transmission timing
Based on this understanding, we would like to bring the following proposal forward:

Proposal 2: Include a 3bit ([0…7]) grant delay field in the respective UL grants, enabling to delay the PUSCH transmission by up to 7 SFs. 

3
On LAA UL scheduling of multiple UL subframes
Having discussed the generic enhancements needed for LAA UL grants, let’s now focus on different options to enable scheduling of multiple UL subframes from a small number of DL subframes. 

For reference include the related agreements from RAN1#84 [1] in here:

Agreements:
· 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 (N(1) 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.

We discuss each of these options in respective subsections – and for easy referencing, we denote the two stage grants as Option 4 in this section. 
3.1 Option 1: Multi-subframe grants for LAA UL
We denote a multi-subframe grant (MSFG) in here as a grant that schedules more than a single UL subframe by a single grant in order to save overhead in terms of the number of DCIs transmitted and potentially alleviate the effect of LBT. 

The alternative to having MSFG would be to enable to send several single-subframe grants to a single UE within a subframe as given by scheduling Option2, discussed in the next subsection. Clearly, UL scheduling Option 2 has some limitations just given by the overall DL control search space design. The USS has a limited number of independent (no-overlapping/colliding) locations limiting the number of UL subframes that can be scheduled from a single DL control channel which in addition needs to be shared with DL grants and possibly other UEs. But not just the number of USS candidates is limiting the UL LAA scheduling but also the overhead needs to be accounted for. Having several independent single-subframe UL grants will increase the control overhead dramatically. Taking this into account, we believe that relying on single UL grants only will not provide the needed flexibility for especially LAA UL self-scheduling, but multi-subframe grants should be supported.

Observation 3: The UL scheduling flexibility by relying only on multiple single-subframe UL grants is limited by the number of independent, non-overlapping search space candidates. Moreover, the DL control overhead for LAA UL scheduling can be overall reduced by enabling multi-subframe grant operation. 
Multi-subframe grants have been considered in RAN1 during the discussions on LTE CA enhancements in order to lower the control channel load for extensive cross-carrier scheduling – but there the focus has been more on scheduling several carriers for one subframe with a single grant (i.e. the carrier domain) whereas for LAA the main intention is the needed expandability in the time domain for a single carrier. 

In order for multi-subframe grants to be useful and not get too large in size (i.e. to reduce the control), there need to be some commonalities between the scheduling information of the subframes in order to have a reasonable size of the MSFG as we discussed in terms of the Rel-13 eCA relation in [4]. 
Looking overall, at the content the following needs to be considered: 
· Total number of SFs scheduled: The MSFG would need to include the number of scheduled subframes N. The size of the MSFG would need to be conditioned on the maximum number of schedulable subframes Nmax, where N <= Nmax.
· HARQ ID (for Asynchronous HARQ): As discussed in our companion contribution [2], we suggest to use a 4bit UL HARQ process ID for LAA UL. In case we assume the MSFG is designed to carry the scheduling information of Nmax subframes, assuming independent HARQ ID indication for each PUSCH in MSFG would require 4* Nmax bits in the MSFG. For a larger number of schedulable UL subframes (e.g. 8), the MSFG might become rather large from the HARQ process IDs alone.
One alternative to decrease the signaling load could be to indicate only the HARQ process ID of the first UL subframe in the MSFG and assume a linear relationship of the HARQ ID of the following subframes. As an example, if HARQ process ID X is indicated in the grant the sequence of HARQ IDs would be [X, X+1, …, X+N-1]. Such operation will clearly decrease the signaling load, but will also limit the scheduling flexibility for the eNB and potentially increase the retransmission delay of some UL HARQ processes. However, these issues can be largely addressed by other means, e.g. by transmitting multiple grants rather than relying on a single MSFG. So we think that relying on a single indicated HARQ ID in the MSFG provides a good tradeoff in terms of the scheduling flexibility and the signaling overhead.
· NDI: Basically one could think of common NDI for the whole MSFG or separate NDIs for each HARQ process. A common NDI would require to have either new transmissions or retransmissions for all HARQ processes, which clearly would result in inefficiencies as independent retransmissions could not be scheduled. The NDI itself is just a single bit and therefore the signaling load for independent NDI would be given by Nmax bits (or 2*Nmax bits for UL-MIMO). Considering this relatively small additional overhead (compared especially to independent resource allocation, MCS, HARQ process ID) and the obvious impact of common NDI on spectral efficiency, we suggest to apply independent NDI signaling. 
· RV for retransmissions: As discussion in Section 2.1, for UL asynchronous HARQ operation the applied RV for retransmissions need to be signaled to the UE, which will be equally needed for the MSFGs. 2bit will be required to signal the RV itself – with independent RV for each scheduled subframe 2*Nmax bits and potential UL-MIMO up to 4*Nmax bits would be needed. The signaled RV is only applicable for retransmissions, as for HARQ processes with NDI=1 anyhow RV=0 for the initial transmission will be used. Having the capability of independent RV for retransmission for each HARQ process might only result in slightly optimized incremental redundancy performance in the HARQ combining. We think that the needed additional control signaling overhead does not justify the minor expected adaptive HARQ combining gains. Therefore, we suggest to signal a single common RV applicable for all retransmissions and MIMO streams given by the individual NDIs=0. 
· Resource allocation: Currently, the resource allocation is the largest element of UL grants. Although with the new LAA waveform a smaller resource allocation might be possible (as discussed in section 2.2) enabling a subframe dependent resource allocation would still require plenty of bits. Having the rather conservative assumption here on needing 8-10bits for resource allocation and enabling Nmax to be in the order of 4 to 6 subframes, the resource allocation alone would require ~40-50bits. The very large overhead seems to motivate common resource allocation signaling. In addition, there are no obvious use cases that would require different resource allocation in different subframe. So even though the same resource allocation would be a restriction, we expect performance degradation, if any, would be negligible.
Therefore, we suggest to use common resource allocation signaling for multi-subframe grants.
· MCS: Similarly as with the resource allocation, we fail to see the motivation for enabling subframe dependent MCS adaptation. The additional overhead would be 5 (or 10bits for UL-MIMO) for each UL subframe resulting in similar large control overhead. Thus, we think that common MCS for all subframes scheduled by the multi-subframe grant should be sufficient. 
Other UL grant signaling content such as TPC for PUSCH, Cyclic shift for DM-RS, precoding for UL-MIMO is assumed to be common for all UL subframes as well and is not separately treated here. Looking now overall on the size of the UL MSFG, we would like to present an overview in Table 1, which shows the options discussed above and our preferences marked in green there. 

	Field description
	Size if common
	Size if separate

	TPC for PUSCH
	2bit

	Cyclic DM-RS shift
	3bit

	CSI request
	1 or 2 bit

	HARQ Process ID
	4bit
	4*Nmax bit

	NDI
	1 or 2 bit (for MIMO)
	Nmax  or 2Nmax bits

	Redundancy Version for re-tx
	2bit
	2Nmax or 4Nmax bits

	Resource allocation
	K bit
	K* Nmax bits

	MCS
	5 or 10bit (for MIMO)
	5Nmax  or 10Nmax bits

	Number of subframes N
	2-3bits

	PUSCH scheduling delay
	3bits

	Precoding (for MIMO)
	3 or 6 bits


Table 1: Overview of possible multi-subframe grant content (green marked fields are our current preference).
When looking at the increase of the DCI size with the proposed common/separate split for the MSFG, we can note that for a MSFG that can carry up to 4 UL subframes, about only 14 new bits (4 bit HARQ ID, 3 additional NDIs, 2bit for RV, 2bit for N, 3bit for scheduling delay) would be needed which are currently not in DCI format 0. These additional bits would be offset by the smaller needed resource allocation signaling and would therefore not result in a rather large increase of the DCI size compared to DCI format 0. A similar conclusion would be available for UL-MIMO and comparing this with the current DCI format 4, where just the effect of the individual subframe and layer specific NDI would be stronger. 

When comparing these numbers with an LAA specific single subframe grant with asynchronous HARQ operation having the same LAA resource allocation, HARQ ID, RV and scheduling delay signaling - the additional overhead of the multi-subframe grant would be only given by the 2-3bits for the number of scheduled subframes as well as the additional Nmax-1 bits for the additional NDI per scheduled HARQ process/subframe. With this relatively small increase of the size of the MSFG compared to a single subframe LAA UL grant, using the MSFG with N=1 also for the scheduling of single subframe grants could be a viable option, as then the UE would not need to look for two different UL grant sizes, if configured for multi-subframe grant operation. 
One thing to discuss also is the maximum number of schedulable subframes by the MSFG, as the DCI size needs to be conditioned on Nmax. Although, the impact of Nmax on the DCI size increase with the combinations in Table 1 is relatively minor, we don’t see a need to support MSFGs scheduling more than 4 to 6 subframes. 

Overall, we think that multi-subframe grants are a compelling solution for LAA PUSCH scheduling and therefore propose: 
Proposal 3: Support scheduling Option 1, i.e. a single grant scheduling several PUSCH transmissions. Detailed multi-subframe grant content is FFS.
3.2 Option 2: Several UL grants transmitted within one DL subframe
With this option the idea as discussed at RAN1#84 would be, to schedule more than one UL subframe from a single DL subframe with multiple single-subframe grants. Although the baseline idea of Option 2 alone might not be sufficient as discussed in the previous section, we could still consider if the enabling more than one UL DCI transmitted in a DL subframe could still be useful with a certain restrictions on their number. 

Depending on the design of the MSFG, there might be still cases when from a single DL subframe more than one UL grant might be useful to be transmitted, including different resource allocation, MCS, gap in UL transmission, HARQ process ID variations etc. in case of having some limitations there in the MSFG flexibility as discussed in the previous section. This could be especially useful when there are two retransmissions to be scheduled whose scheduling information is too different to be accommodated in a MSFG. In addition, this is not only useful for single-SF scheduling grants, but can also be useful for multi-SF scheduling grants, or a combination of single-SF and multi-SF scheduling grants. 
Observation 4: Enabling the UE to process several UL grants within a subframe is not just of advantage for single SF grants – but is also useful for multi-SF grants or combining single-SF and multi-SF grants. 
Clearly the number of independent UL grants is limited by USS. In order to limit the UE complexity, one could think of limiting the number of UL grants the UE would need to process to a certain number ≥2. But having the option of LAA UL MSFG scheduling, we don’t see a need for more than 3-4 UL grants within a subframe. 
Proposal 4: Support the transmission/reception of more than one UL grant for a single UE within a DL subframe. The maximum number of UL grants is FFS.
3.3 Option 3: Enabling single PUSCH transmission in multiple UL subframe candidates

The baseline idea of this option according to our understanding is to have a single grant scheduling a single subframe PUSCH transmission but enables the UE to autonomously choose the subframe for transmission out of a set of subframes indicated by the eNB, depending on the LBT situation at the UE side. 

Two variations of this idea were discussed:

1. Option 3-1: the potential candidate subframes are contiguous or closely spaced. The main motivation is to reduce the latency caused by unsuccessful LBT.
2. Option 3-2: the potential candidate subframes are separated sufficiently in time, so the eNB would have sufficient time to re-schedule another UE if the scheduled UE had transmitted in the previous subframe. The potential advantage would be scheduling overhead reduction.
Option 3-1 intends to reduce the latency for the single subframe PUSCH transmission by reserving/spending resources in several candidate subframes. One argument that has been brought up in the discussions is the potential waste of resources by enabling such a scheduling mode. We fully agree to this observation on the discussions during RAN1#84.
Observation 5: UL scheduling option 3-1 (with contiguous candidate subframes) will require to reserve more UL resources in order to increase the UL transmission opportunities for the UE of a single UL subframe. 
The main argument for introducing this mode has been to decrease the potential latency for LAA UL operation. As already indicated in the online discussions, we think that delay critical services are not fully fitting to LAA UL operation (due to eg. LBT issues) and delay critical services could be handled through licensed carrier UL. 

Looking at the discussions in here, we don’t see the latency optimization for single initial UL packet data transmissions as the optimization target for LAA. Moreover, the increased UL overhead due to the needed reservation of UL resources does not really make this solution any more attractive. 
Option 3-2 addresses the potential resource waste by having the candidate subframes sufficiently separated, e.g. by at least 8 subframes. Obviously this does not improve the latency. The same operation can be equivalently achieved by sending a separate UL grant for each of these candidate subframes. The only difference would be the control overhead associated with the UL grants. However, this potential overhead saving does not seem to justify introducing a completely new DCI format that is only targeted towards a single PUSCH transmission as well as the more complicated eNB operation. Also note that if Option 1 MSFG is supported, each of the UL grant may be carried in a MSFG together with other UL grants, which would not result in any additional overhead.
As a consequence, we propose:
Proposal 5: Do not support UL scheduling Option 3. 

3.4 Option 4: Two-stage grants
There has been some FFS on enabling two-stage grant operation for LAA UL scheduling, which we call UL Scheduling Option 4 here. 
The N+4 UL scheduling timing limitations given by LTE are not so much of a problem for licensed band operation, as for FDD (FS1) there is no real scheduling timing limitations and for LTE FS2 this has been taking into account. 
In case of LAA not having a fixed frame structure, the scheduling delay has a strong impact on the UL scheduling flexibility specifically for LAA self-scheduling, as the presence of a DL subframe scheduling PUSCH cannot be guaranteed. 
Moreover, there have been discussions to enable DL and UL to be contained within the same MCOT, and thereby enable a short LBT procedure for the UL following a DL based on Cat. 4 LBT operation. As the overall MCOT will be limited in time (e.g. 6-10ms), it will not be possible to have the UL starting earlier than in the 5th subframe of the MCOT (due to undefined start of the DL part), which will dramatically limit the number of UL subframes that we can schedule within this combined MCOT.

We think the following two-stage grant operation could be beneficial and alleviate the issues above:
1. The eNB sends some ‘initial grant’ containing the full information for the PUSCH transmission (HARQ ID, NDI, resource allocation, …) in subframe N, which is at least 4 subframes before the earliest possible transmission opportunity. This grant is only for the UE to start processing the data for UL transmission but the UE is not allowed yet to transmit the related PUSCH

2. The eNB sends a triggering grant to the UE in subframe K, which indicates the UE to transmit according to the previously received initial grant in subframe K+x, where x is a small value, e.g. 1 or 2. Due to the shorter time between the triggering grant and the actual PUSCH transmission, the eNB has more flexibility in enabling LAA UL transmissions based on the current frame structure understanding.
This procedure is schematically illustrated in Figure 2.
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Figure 2: Two-stage grant operation 

Basically, the initial grant could have the same content and structure as a MSFG of Option1 or a single normal PUSCH LAA grant, as it needs to contain the full information on the PUSCH transmission except the time it is to be transmitted. The triggering grant could be either UE specific or LAA cell-specific (e.g. carried in the common DCI) of the DL cell. 
One could also think of combining this scheduling option with LAA cross-carrier scheduling in a way, that the initial grant is transmitted from licensed band through cross-carrier scheduling (not affected by LBT) and the short-term triggering grant to be carried on the LAA SCell to quickly trigger the ‘pre-informed’ PUSCH transmission after the LAA eNB has gotten access to the channel. 

We think that this scheduling option could be a promising method in order to enable especially combined UL/DL MCOT operation and therefore suggest:
Proposal 6: Enable two-stage UL grant operation with an initial grant containing the overall HARQ process information (incl. RA, MCS, etc.) as well as a triggering grant with reduced latency before the intended PUSCH transmission.

· Details on reduced latency with the trigger grant are FFS (K+1 or K+2)

· Details of two-stage grant operation with initial multi-subframe grant (combining with Option 1) are FFS

4
Conclusion
In this contribution, we discussed needed enhancements to LAA UL grants as well as different scheduling options discussed at RAN1#84. 
Our considerations on the needed generic UL LAA grant enhancements lead to the following observations and proposals:
· Observation 1: UL grant enhancements will be needed when using Asynchronous UL HARQ operation (i.e. need to signal HARQ process ID as well as redundancy version). 

· Observation 2: UL grant enhancements in terms of number of bits (i.e. less bits) required for LAA PUSCH resource allocation are envisioned, depending on the final design of the LAA PUSCH resource allocation.
· Proposal 1: Confirm the working assumption on having a minimum latency of 4ms between UL grant reception and the related PUSCH transmission.

· Proposal 2: Include a 3bit ([0…7]) grant delay field in the respective UL grants, enabling to delay the PUSCH transmission by up to 7 SFs. 
The discussions on different LAA UL scheduling options can be summarized in the following observations and proposals: 
· Observation 3: The UL scheduling flexibility by relying only on multiple single-subframe UL grants is limited by the number of independent, non-overlapping search space candidates. Moreover, the DL control overhead for LAA UL scheduling can be overall reduced by enabling multi-subframe grant operation. 
· Proposal 3: Support scheduling Option 1, i.e. a single grant scheduling several PUSCH transmissions. Detailed multi-subframe grant content is FFS.

· Observation 4: Enabling the UE to process several UL grants within a subframe is not just of advantage for single SF grants – but is also useful for multi-SF grants or combining single-SF and multi-SF grants. 

· Proposal 4: Support the transmission/reception of more than one UL grant for a single UE within a DL subframe. The maximum number of UL grants is FFS.

· Observation 5: UL scheduling option 3-1 (with contiguous candidate subframes) will require to reserve more UL resources in order to increase the UL transmission opportunities for the UE of a single UL subframe. 
· Proposal 5: Do not support UL scheduling Option 3. 

· Proposal 6: Enable two-stage UL grant operation with an initial grant containing the overall HARQ process information (incl. RA, MCS, etc.) as well as a triggering grant with reduced latency before the intended PUSCH transmission.

· Details on reduced latency with the trigger grant are FFS (K+1 or K+2)

· Details of two-stage grant operation with initial multi-subframe grant (combining with Option 1) are FFS
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