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1 Introduction

Support for multi-subframe scheduling was agreed in RAN1#84bis [1] and subsequent discussions focused on the fields that need to be replicated in a DCI format for multi-subframe scheduling.
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: DCI formats may not be a complete list, e.g., depending on discussion on resource allocation for PUSCH

Additionally, a 2-stage PUSCH scheduling through transmission of 2 DCI formats was proposed to reduce PUSCH scheduling latency through pre-scheduling by the first DCI format and activation by the second DCI format.

This contribution considers the above PUSCH scheduling aspects.
2 DCI Format for Multi-Subframe Scheduling
There are two basic approaches in defining a DCI format for multi-subframe scheduling. The first approach is the one adopted in eMTC Rel-13 (‘Rel-13 approach’) where multi-subframe scheduling is over 2 subframes and the HARQ process index in the second subframe is the following one of the indicated HARQ process index in the first subframe. In return for this rather marginal restriction in the HARQ process indexes, a new DCI format for multi-subframe scheduling is avoided and the number of blind decoding operations is not increased. It is also straightforward to modify the Rel-13 approach to allow scheduling over 4 subframes by interpreting the 2 UL index bits as counter bits.
The second approach (‘new approach’) is to fully replicate, for each data TB, the fields of HARQ process number, RV, and NDI. Scheduling flexibility is still reduced relative to single-subframe scheduling but full flexibility is allowed in the scheduled HARQ processes and in mixing scheduling of initial transmissions and retransmissions for data TBs. The new approach requires results a new DCI format for multi-subframe scheduling and either an increased number of PDCCH decoding operations or tighter restrictions in the number of candidates per CCE aggregation level (assuming that a UE needs to attempt detection in a same subframe for both the DCI format for single subframe scheduling and the DCI format for multi-subframe scheduling). Variants of the new approach attempt to trade-off some of the increase in the DCI format size for some additional scheduling restrictions. 
Table 1 presents contents of a DCI format for single-subframe scheduling and of a DCI format for multi-subframe scheduling. The contents are only meant to provide an approximate comparison for the DCI format sizes according to the Rel-13 approach and the new approach for multi-subframe scheduling. 
Table 1: Contents of DCI formats according to Rel-13 approach and new approach 
	DCI Field
	Rel-13 Approach
	New Approach
	Comments

	Resource Allocation 
	6
	6
	Type-0 RA for interlaces – 20 MHz

	MCS
	5
	5
	Same MCS for all subframes

	CS and OCC index
	3
	3
	Same CS and OCC for all subframes

	A-CSI Request
	1
	1
	A-CSI reports in only one subframe

	A-SRS trigger
	1
	1
	A-SRS transmission in only one subframe

	First symbol for LBT
	1
	1
	PUSCH starts from symbol 0 or 1 in first SF

	Last Symbol for LBT
	1
	1
	PUSCH end is symbol 0 or 1 in last SF

	TPC value
	2
	2
	Single TPC values

	First PUSCH subframe
	2
	2
	Additional delay for PUSCH transmission

	LBT parameters
	2
	2
	Same LBT parameter set

	Multi-subframe Number 
	1
	2
	Up to 2/4 SFs with Rel-13/new approach

	HARQ process number
	4
	4*N
	

	RV
	2*L
	2*L*N
	

	NDI
	L
	L*N
	

	CIF
	0
	0
	

	CRC/C-RNTI
	16
	16
	

	TOTAL 
	48 (L=1), 51 (L=2)
	70 (L=1), 82 (L=2)
	N=4


Based on the DCI format sizes for the Rel-13 approach and the new approach for multi-subframe scheduling in Table 1, the following observations apply:

a) In terms of PDCCH overhead, transmission of 2 DCI formats according to the Rel-13 approach is roughly equivalent to transmission of 1 DCI format with the new approach. This is because the DCI format for the new approach is ~1.5x-1.6x larger than the DCI format for the Rel-13 approach and requires 4 CCEs or 8 CCEs. If the Rel-13 approach is modified to schedule over 4 subframes, it always results to 50%-60% less control overhead. Blocking may also be an issue for the new approach due to the shortage of PDCCH candidates for the larger CCE aggregation levels. For example, considering the requirements for enhanced reliability of a DCI format scheduling PUSCH over 4 subframes, the DCI format for the new approach will most often require 8 CCEs.  
b) The Rel-13 approach allows full flexibility for the HARQ process in the first PUSCH transmission but restricts the index of the HARQ process in the second PUSCH transmission to be the next HARQ process index, and both PUSCH transmissions to be either for initial transmissions of data TBs or for retransmissions of data TBs. If these restrictions are problematic for scheduling over 4 subframes, the eNB can always choose to schedule over a smaller number of subframes, such as 2 subframes, with a single DCI format. The new approach does not have such restrictions.
c) The restrictions for the MCS and the resource allocation can over 2-4 subframes with the Rel-13 approach and over 4 subframes with the new approach. The Rel-13 approach can trigger CSI every 2-4 subframes while the new approach can trigger CSI over 4 subframes, thereby restricting the number of cells for which A-CSI can be provided (UE can report only up to 5 CSI processes per A-CSI reporting instance). It is possible that better granularity is provided by the new approach by scheduling PUSCH over less than 4 subframes but at the expense of unnecessary DCI overhead (as the DCI format is assumed dimensioned for 4 subframes).

Considering the above, the trade-offs between maintaining the Rel-13 approach for multi-subframe PUSCH scheduling versus introducing a new DCI format for multi-subframe scheduling are summarized in Table 2.
Table 2: Comparison between Rel-13 approach and new approach for multi-subframe scheduling
	Metric
	Rel-13 Approach
	New Approach

	DCI overhead 
	Minimum
	Larger (~1.6x)

	PDCCH overhead
	-
	Similar or larger

	Blind Decoding Operations
	No impact
	Increased PDCCH decodings or reduction in candidates per CCE aggregation level

	HARQ scheduling flexibility
	Only consecutive HARQ processes  -  only initial transmission or retransmission
	Full flexibility

	MCS, RA, A-CSI trigger flexibility
	Same over 2-4 subframes 
	Same over 4 subframes or unnecessary DCI overhead for scheduling over less subframes

	Throughput impact due to missed UL grant
	-
	Similar or larger


The restriction to have consecutive HARQ processes over 2 subframes with the Rel-13 approach is not significant enough to offset the penalties of increased PDCCH decoding operations and MCS/RA/A-CSI restrictions over a larger number of subframes with the new approach (or its possible variants). When the restrictions are not significant, the eNB can directly extend scheduling over 3-4 subframes. Therefore, the Rel-13 approach provides better granularity. In terms of PDCCH overhead (the only reason for introducing multi-subframe scheduling), the Rel-13 approach is preferable and this is also the case for the number of blind decoding operations and/or blocking probability. Therefore, the legacy approach is somewhat preferable.  
Proposal 1: Rel-13 multi-subframe PUSCH scheduling is used for UL LAA where the UL index is used as UL counter for the number of PUSCH transmissions. 

3 Control Signaling over 2 Stages
A proposed mechanism for latency reduction of PUSCH transmissions and possibly of DL control signaling overhead is to transmit a first DCI format that includes most or all of the scheduling information, so that the UE can prepare at least the time consuming components for a PUSCH transmission (e.g. encoding, modulation, RE mapping), and a second DCI format that essentially triggers the PUSCH transmission.

Latency can be reduced as a PUSCH transmission can be viewed as pre-scheduled. DL control overhead may or may not be reduced depending on how often the first DCI format is transmitted. If the first DCI format and the second DCI format are always transmitted together, overhead is increased. In general, given the transmission of 2 DCI formats and the need for increased reliability of each DCI format relative to single DCI format transmission, DL control overhead can be expected to increase if the first DCI format is transmitted at a comparable rate as the second DCI format. Conversely, if the first DCI format is transmitted only once for every 4 times (on average) the second DCI format is transmitted, DL control overhead is decreased as the second DCI format can have small size (likely dominated by the CRC) and can address multiple UEs. 

Considering the practically quasi-stationary nature of UEs for LAA applications and further considering that frequency domain scheduling for an interlace-based transmission is not possible, frequent dynamic adaptation for the PUSCH transmission parameters, such as more often than 10-20 msec, is not necessary and can actually be disadvantageous considering the associated overhead and missed detection probability for the DCI formats. Moreover, the eNB is unlikely to have CSI updates or enough ACK/NACK statistics within such a time frame for adaptation of PUSCH transmission parameters even without considering the existence of MCOT. 
Therefore, a 2-stage scheduling for PUSCH transmissions is unnecessary and SPS type activation of PUSCH transmissions is more appropriate.

Proposal 2: PUSCH transmissions can be preconfigured by RRC signaling and activated by a DCI format. 

4 Conclusions

This contribution considered PUSCH scheduling for LAA. Based on the previous analysis, the following are proposed.
Proposal 1: Rel-13 multi-subframe PUSCH scheduling is used for UL LAA where the UL index is used as UL counter for the number of PUSCH transmissions. 
Proposal 2: PUSCH transmissions can be preconfigured by RRC signaling and activated by a DCI format. 

References:

[1] R1-163961, “Final Report of 3GPP TSG RAN WG1#84bis V1.0.0”, MCC
PAGE  
2

