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1 Introduction

In RAN1 #86 meeting [1], the following enhancements on larger maximum TBS and channel bandwidth have been agreed, to support the higher data rate operation for feMTC:
Agreement:

· For Rel-14 FeMTC UEs, the maximum UL TBS for CEMode A UEs with maximum 1.4 MHz bandwidth in TDD/HD-FDD is increased to 2984 bits.

· For Rel-14 BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is 5 MHz.

· For Rel-14 non-BL UEs in CE mode A (FFS for CE mode B), the single larger maximum UE channel BW for PDSCH and PUSCH in RRC connected mode is (FFS: 5 or 20) MHz.
In RAN1 #86bis meeting [2], the following additional agreements on support of higher data rate have been made:
Agreement:

· Max TBS for 5-MHz Rel-14 BL/CE UEs:

· PDSCH: 4008 bits
· PUSCH: 4008 bits
Agreement:

· Max UL TBS in CE mode A for 1.4-MHz Rel-14 BL FD-FDD UE:

· Option A: 1000 bits (same as Rel-13 Cat-M1)

· Option B: 2984 bits (same as 1.4-MHz FeMTC TDD/HD-FDD UE)

· Option B is agreed

· TBS for 1.4-MHz UE in CE mode A is indicated by using the existing TBS table

· Introduce UE capability signaling for the larger TBS

· The use of larger TBS is RRC configured by eNB
Agreement:
· Rel-14 non-BL UE can support CE mode A in connected mode with a maximum PDSCH/PUSCH channel bandwidth of either 5 or 20 MHz.
Agreement:

· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· For HD-FDD and FD-FDD,

· Support for max 10 DL HARQ processes in CE mode A is introduced for Rel-14 BL UEs

· A 1.4-MHz BL UE supporting max 10 DL HARQ processes has the same required soft buffer size as Rel-13 Cat-M1 UE
This contribution focuses on the overall DCI design for supporting higher data rates for feMTC. Specifically, we discuss the joint DCI design to support enhancements on the increase of DL HARQ processes, support of HARQ-ACK bundling, larger TBS indication, configuration and resource allocation for larger maximum UE channel BW.
2 DCI design for various enhancements
2.1 On the increase of the number of HARQ processes

For full-duplex FDD (FD-FDD) CE mode A UEs, due to the behaviour of cross-subframe scheduling between MPDCCH and PDSCH, where PDSCH subframe starts on the 2nd valid subframe from the end of the MPDCCH transmission, there are only about 8 out of 10 subframes that can be used for PDSCH transmission with the maximum number of DL HARQ processes being 8. To improve the DL peak data rates by enabling most available subframes usable for PDSCH transmission, the maximum number of DL HARQ processes is agreed to be increased to 10. Moreover, it has been agreed to also support max 10 DL HARQ processes for HF-FDD CE mode A UEs.
In DCI format 6-1A, there are 3 bits in HARQ process number field to indicate up to 8 DL HARQ processes. To support up to 10 DL HARQ processes for FD-FDD and HD-FDD CE mode A UEs, the existing 3 bits in HARQ process number field needs to be extended to 4 bits.
Observation 1

· To support up to 10 DL HARQ processes for FD-FDD and HD-FDD CE mode A UEs, an additional bit needs to be added to existing 3-bit HARQ process number field in DL grant (e.g. DCI format 6-1A), i.e. the HARQ process number field needs be extended from 3 bits to 4 bits.
2.2 On the support of HARQ-ACK bundling

For half-duplex FDD (HD-FDD) UEs, there is 1ms switching time between UL to DL and DL to UL transitions. Due to the switching time and the constraint that each UL subframe only carries HARQ-ACK feedback for one DL HARQ transmission, the throughput in HD-FDD is quite limited, with peak data rates of 300kbps and 375kbps for DL and UL, respectively. 
To improve the throughput of HD-FDD UEs, the HARQ-ACK bundling similar to LTE TDD systems can be adopted, which helps reduce the number of switching subframes needed for UEs switching from DL to UL to transmit DL HARQ-ACK feedback. The HARQ-ACK bundling can be configured semi-statically via higher layer signaling (e.g., RRC signaling) as already agreed in RAN1 #86bis. To support HARQ-ACK bundling for HD-FDD UEs, additional bits are needed for DAI indication. 

Observation 2
· To support HARQ-ACK bundling for HF-FDD UEs, additional bits are needed for DAI indication. 
2.3 On the support of larger maximum TBS

For 1.4MHz UEs in CE mode A, the max UL TBS is increased to 2984 bits for both TDD, HD-FDD and FD-FDD. As agreed in RAN1 #86bis meeting, the existing TBS table is used for the TBS indication for 1.4MHz UEs in CE mode A with larger max UL TBS. Thus, no extra bit is needed to support this enhancement. 
For UEs supporting larger max channel BW of 5 MHz, the TBS index of 14 for 24-PRB allocation corresponds to TBS of 6968 bits by referring to the TBS table (Table 7.1.7.2.1-1) in [3]. The max TBS supported for Rel-14 BL/CE UEs with max channel BW of 5MHz is 4008 bits for both PUSCH and PDSCH, and thus the TBS indexes from 0 to 14 are sufficient for the larger TBS indication. Thus, the MCS and TBS indication for UEs supporting larger channel BW can reuse the Rel-13 eMTC design, where the LTE TBS table can be truncated to include TBS up to 4008 bits. No additional bits are needed to support the larger TBS for Rel-14 5MHz BL/CE UEs. 
Observation 3:
· To support the maximum UL TBS of 2984 bits for CE mode A UEs with maximum 1.4 MHz BW in TDD/HD-FDD, or to support the larger maximum TBS for Rel-14 5MHz BL/CE UEs, Rel-13 eMTC DCI design on MCS and TBS can be reused, and no changes are needed on the MCS field of Rel-13 eMTC DCI.
2.4 On the support of larger max UE channel BW

Larger maximum UE channel BW is agreed as one enhancement to improve the data rate for FeMTC UEs. In this section, we focus on the following two aspects which may impact the DCI design: the configuration of operation with different max BWs, and the resource allocation for larger max channel BW. 
For the configuration of operation mode, i.e. operation with single NB (i.e., 1.4MHz) or aggregated NBs (i.e. 5MHz/20MHz), it can be semi-statically configured by higher layer signaling, without changes in DCI.
For the resource allocation aspect, as elaborated in our companion contribution [4], ENB-based hierarchical resource allocation can be used, with ceil(log2(NENBXL)) MSBs of the resource block assignment field indicating ENB index, the next (NNBXL-ENB) MSB for bitmap based NB indication or ceil(log2((NNBXL-ENB +1)/2*NNBXL-ENB))) MSBs for continuous NB allocation within ENB, and the last Y bits indicating PRB allocation within NB, where NENBXL is the number of ENBs in the systems, NNBXL-ENB is the number of NBs within the ENB, XL=DL/UL, and Y=5 and Y=1 for CE mode A and CE mode B, respectively. Alternatively, existing bits in resource block assignment field in Rel-13 eMTC DCI can be re-interpreted, at the cost of scheduling flexibility.
Observation 4
· To support the larger maximum UE channel BW with flexible scheduling, additional bits are needed in the resource block assignment field. 

We summarize the observations on DCI design for various enhancements in Table 1.
Table 1. Summary of DCI design for various enhancements, where x is the number of additional bits added in resource block assignment field, depending on the resource allocation method.
	Enhancements
	Number of indication bits

	HARQ process number
	HD-FDD
/FD-FDD
	4 (change: +1)

	
	TDD
	4 (change: 0)

	HARQ-ACK bundling
(DAI)
	HD-FDD
	2 (change: +2)

	
	TDD
	2 (change: 0)

	Larger TBS 
	For max 1.4MHz BW
	4 (change: 0)

	
	For max larger BW
	4 (change: 0)

	Resource block assignment for larger maximum BW
	Re-interpret existing bits

	ceil(log2(NNBXL))+5 for CEMode A,

	
	
	and ceil(log2(NNBXL))+1 for CEMode B PDSCH
(change: 0)

	
	More flexible scheduling
	ceil(log2(NNBXL))+5+x for CEMode A,

	
	
	ceil(log2(NNBXL))+1+x for CEMode B PDSCH
(change: x)


3 Overall DCI design
In this section, we discuss the overall DCI design to incorporate the support of various enhancements. Based on the discussions in Section 2, we summarize the possible changes needed for DCI in Table 2. 

 Table 2. Discussion on the changes in DCI design for various enhancements in different scenarios, where x5 and x20 are the number of additional bits added in resource block assignment field for max channel BW of 5MHz and 20MHz, respectively. The value of x5 and x20 depends on the adopted resource allocation method. “na” refers to the case that no agreements have been made. 

	DCI
	DL assignment

	Frame structure
	FD-FDD
	HD-FDD
	TDD

	BW (MHz)
	1.4
	5
	20
	1.4
	5
	20
	1.4
	5
	20

	HARQ process number
(for CE mode A)
	1
	1
	1
	1
	1
	1
	0
	0
	0

	HARQ-ACK bundling (DAI)
(for CE mode A)
	na
	na
	na
	2
	2
	2
	0
	0
	0

	MCS

(for CE mode A and CE mode B)
	0
	na
	na
	0
	na
	na
	0
	na
	na

	Resource block assignment
(for CE mode A and CE mode B)
	0
	x5
	x20
	0
	x5
	x20
	0
	x5
	x20


	DCI
	UL grant

	Frame structure
	FD-FDD
	HD-FDD
	TDD

	BW (MHz)
	1.4
	5
	20
	1.4
	5
	20
	1.4
	5
	20

	MCS

(for CE mode A and CE mode B)
	0
	na
	na
	0
	na
	na
	0
	na
	na

	Resource block assignment
(for CE mode A)
	0
	x5
	x20
	0
	x5
	x20
	0
	x5
	x20


Note that the overall DCI design needs to take into account the potential “bundled” enhancements, i.e., when some of these features may be configured simultaneously. For example, it may be typical to have a UE supporting larger max TBS of 4008 bits also support 10 DL HARQ processes. With this bundled enhancement, there are additional 1+x bits to be added for DL assignment and x bits to be added for UL grant, where x is the number of extra bits needed for resource block assignment to support the resource allocation for max channel BW of 5MHz. 
Besides the support of higher data rates for feMTC, it may be also prudent to consider other enhancements/features being developed as part of the WI on FeMTC, e.g. the VoLTE enhancements. 
Based on the above discussions, we make the following proposal.

Proposal 1
· Overall DCI design should consider the need to support multiple sub-features simultaneously.
Proposal 2
· Relationship between DCI for higher data rates and DCI enhancements for VoLTE enhancements for feMTC UEs should be discussed further.
4 Conclusion

In this contribution, we discuss the DCI design to support various enhancements, including the increased number of DL HARQ processes, the HARQ-ACK bundling, the larger maximum TBS and the lager maximum channel BW. Based on the presented designs on each aspect, we further come up with a joint DCI design incorporating the support of different enhancements. We make the following observations and proposals:

Observation 1

· To support up to 10 DL HARQ processes for FD-FDD and HD-FDD CE mode A UEs, an additional bit needs to be added to existing 3-bit HARQ process number field in DL grant (e.g. DCI format 6-1A), i.e. the HARQ process number field needs be extended from 3 bits to 4 bits.
Observation 2
· To support HARQ-ACK bundling for HF-FDD UEs, additional bits are needed for DAI indication. 
Observation 3:
· To support the maximum UL TBS of 2984 bits for CE mode A UEs with maximum 1.4 MHz BW in TDD/HD-FDD, or to support the larger maximum TBS for Rel-14 5MHz BL/CE UEs, Rel-13 eMTC DCI design on MCS and TBS can be reused, and no changes are needed on the MCS field of Rel-13 eMTC DCI.
Observation 4
· To support the larger maximum UE channel BW with flexible scheduling, additional bits are needed in the resource block assignment field. 

Proposal 1
· Overall DCI design should consider the need to support multiple sub-features simultaneously.

Proposal 2
· Relationship between DCI for higher data rates and DCI enhancements for VoLTE enhancements for feMTC UEs should be discussed further.
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