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Discussion and decision
1 Introduction

This contribution discusses RAN2 impacts to support the higher data rates and VoLTE enhancement [1] considering latest agreements made by RAN2#95bis, shown below, and RAN1#86bis (shown on Annex for further reference):
· FFS if larger TBS and/or wider bandwidth will require new UE category(ies)

· FFS if we have an early indication in MSG3 for larger TBS and/or wider bandwidth.

· Configuration: FFS if DL and UL bandwidth can be different. RAN2 expects that DCI formats will be new for wider bandwidth which will require configuration. 

· R2 expect that DL common transmissions to be backwards compatible, e.g. SI, Paging, MPDCCH etc. (this is given by the statement in the WID that the enhancements are only for connected mode).

· The features we consider are: ACK/NACK bundling, 10 HARQ processes, larger TBS, wider bandwidth

· We expect R1 to define relation between the features (for UE capabilities).  

· FFS if the Ack/Nack bundling impacts the HARQ RTT timer. 

2 Discussion
RAN2 discussion should start taking into consideration the RAN1#86 agreements, also shown on Annex for reference. On summary, the key RAN1 agreed points most relevant for RAN2 progress are the following:

The new FeMTC UE features (applicable in RRC_CONNECTED) are the following:

1. Larger maximum TBS for 1.4MHz operation.

· For 1.4 MHz Rel-14 BL UEs: 2984 bits for max. UL TBS. 

2. Larger maximum TBS for 5MHz operation.

· For 5 MHz Rel-14 BL UEs: 4008 bits for max. DL/UL TBS.

3. Support of larger bandwidth.

· For Rel-14 BL UEs: 5MHz max. channel BW support (where PDSCH is supported in both CE modes A and B; and PUSCH is supported only in CE mode A)
· For Rel-14 non-BL (Cat 0 and above) UEs in CE mode A: either 5 or 20 MHz max channel BW for PDSCH/PUSCH, indicated via UE capability

· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth
4. 10 HARQ processes for downlink.

· Up to 10 DL HARQ processes (with soft buffer size same as Rel-13 Cat M1).
5. HARQ-ACK bundling.

· Maximum HARQ-ACK bundle size is 4 (at least for HD-FDD UEs in CE mode A)
RAN1 agreed to UE capability report, that (4) (5) are enabled by RRC reconfiguration and FFS (1) (2) (3).

2.1 Larger Maximum UL TBS for 1.4MHz
A UE operating on Bandwidth Reduced (BR) of 1.4MHz, which implies decoding of MPDCCH, will not have any L2 buffer impact to support the larger maximum TBS. The minimum legacy L2 buffer size for a UE operating on BR is the one associated to cat.M1 (20000bits) which is already the same as a cat.0 UE one.  As a new UL TBS is defined, we understand that a new UL UE category might need to be defined. On other hand, as all other UE characteristics (e.g. L2 buffer, soft buffer or BW) are same as for cat.M1; therefore RAN2 might prefer to define a new optional UE radio capability that indicates the support of this feature instead.
Proposal 1. To discuss whether to define (1) a new UL UE category or (2) a new UE radio capability to indicate the UE support of larger UL TBS, up to 2984 bits, when operating in Bandwidth Reduced of 1.4MHz. 

Moreover our understanding from RAN1 discussion is that eNB indicates the usage of larger TBS (up to 2984bits) via DCI configuration. On the other hand, we do not see critical need to provide this capability indication by msg.3 for UEs operating in BR, considering that the Rel-12 cat.0 UE and Rel-13 M1 UEs which are all limited to 1000bits. 
Observation 1. DCI is used by eNB to indicate the UE the usage of larger TBS for those UEs supporting larger maximum UL TBS than 1000bits when operating in BR of 1.4MHz.
Our understanding from RAN1 discussion is that eNB indicates the usage of larger TBS (up to 2984bits) via DCI configuration. In some cases, such as on attach, the size of Msg5 might be quite large and network would benefit to allocate a larger grant already for this Msg5 when using CE mode A; however, this might not be as critical indication considering Rel-12 cat.0 UE and Rel-13 M1 UEs which are all limited to 1000bits. 
Proposal 2. Not to provide an early indication on msg.3 to identify a UE support of larger UL TBS, up to 2984 bits, when operating in BR of 1.4MHz.
2.2 Wider Bandwidth (#PRBs ≥ 6) and Larger TBS
For this discussion, we use the term "Wider Bandwidth Reduced Operation" or "WB-RB" to refer to this new feature that allows UE's operation on a BW > 1.4MHz and with larger TBS while Rel-13 MPDCCH is still applicable. The support indication for this new larger maximum TBS operation for wider bandwidth needs to be discussed in some points separately for Rel-14 BL (i.e. Bandwidth Reduced Low Complexity) UEs and non-BL (i.e. higher category UEs, e.g. Cat.0 or above) UEs.
A Rel-14 BL UE differs from a Rel-13 BL UE (i.e. cat.M1) on the wider BR support (5 MHz vs 1.4 MHz) and the max. TBS support (4008 bits vs 1000bits). Therefore a new UE category (e.g. Cat.M2) would need to be defined to enable this feature with a Layer 2 buffer size for cat.M2 could be set to 80 KBytes. 
Layer 2 buffer size = max. DL data rate (4008 bits) * 75ms + max. UL data rate (4008 bits) * 75 ms 

Layer 2 buffer size = 75150 bytes ~ 80 Kbytes
Moreover we see a benefit to define previous ue-MaxUL-TBS-BR feature as mandatory for Cat.M2, so when operations on BR of 1.4MHz the support of maximum UL TBS is guarantee without additional complexity. In addition, other optional/mandatory features defined for Cat.M1 UE would also be applicable.
Proposal 3. To define a new UE category, e.g. referred as Category M2, to identify a UE supporting "Wider Bandwidth Reduced" operation (in both DL and UL) of 5MHz, with 4008 bits for the max. DL and UL TBS and, 80 KBytes for L2 buffer size (leaving up to RAN1 to define the updated number for the soft channel bits). NOTE: A UE operating on "Wider Bandwidth Reduced" implies that decodes MPDCCH.
Proposal 4. The new Cat.M2 UE supports as mandatory Rel-13 CE mode A.

Proposal 5. The new Cat.M2 UE supports as mandatory the Rel-14 new feature for larger UL TBS (2984bits). 

Proposal 6. The new Cat.M2 UE supports as optional Rel-13 CE mode B.

A Rel-14 non-BL UE (which refers to Rel-14 Cat.0 and above) operating on "Wider Bandwidth Reduced" could be defined to support a maximum UE operational bandwidth (BW), as summarized on the table below, for PDSCH when configured with CE mode A and CE mode B, and for PUSCH only when configured for CE mode A. Therefore different BW could be configured on UL and DL. For a Rel-14 non-BL UE, this new "Wider Bandwidth Reduced" feature, e.g. referred as W-BR, should be defined as optional for any Rel-14 Cat.0 and above. Moreover, unless RAN1 indicates otherwise, at least the max DL TBS can be limited by its own UE category definition e.g. 1000bits for Cat.0 or 10296bits for Cat. 1.
	
	Maximum UE's operational BW for

	
	PDSCH
	PUSCH

	CE mode A
	5 MHz or 20 MHz
	5 MHz or 20 MHz

	CE mode B
	5 MHz or 20MHz
	Legacy (1.4MHz)


Proposal 7. To define a new Rel-14 optional UE radio capability, e.g. referred as ue-Wider-BR, to indicate the support of "Wider Bandwidth Reduced" operation (in both DL and UL), e.g. referred as W-BR, differentiating the support of the following cases:

Proposal 7.1. Optional "W-BR support of 5 MHz" when in CE mode A/B for PDSCH and in CE mode A for PUSCH.

Proposal 7.1.1. Optional "W-BR support of 20 MHz" when in CE mode A/B for PDSCH and in CE mode A for PUSCH. The "W-BR support of 5 MHz" is conditional mandatory to the "W-BR support of 20 MHz".
Proposal 7.2. NOTE: RAN2 should assume that a UE could be configured with different max. W-BR in DL and UL (based on RAN1#86bis agreement). 
Similar to section 2.1, our understanding from RAN1 discussion is that DCI is used by the eNB to indicate the actual bandwidth or TBS to be used by the UE for PUSCH and/or PDSCH. This would be valid for any UE operating on W-BR. However in this case, it is also foreseen needed that RRC signaling for the eNB to configure the UE with a maximum operational bandwidth to avoid increasing the UE complexity of the blind decoding for the MPDCCH and support backward compatibility, i.e., support of Rel-14 feMTC UEs in Rel-13 networks. Further, note that it could be beneficial to also configure the maximum channel bandwidth for PDSCH and PUSCH separately for a UE in CE mode A. On the other hand, we do not see critical to provide this capability indication by msg.3. 
Observation 2. DCI is used by eNB to signal the TBS used by the UE in "Wider Bandwidth Reduced" operation.
Proposal 8. To define DL RRC signaling for the eNB to configure a UE operating in "Wider Bandwidth Reduced" with the maximum UE's operational bandwidth for DL and UL. 
Proposal 9. Not to provide an early indication on msg.3 to identify a UE support of "Wider Bandwidth Reduced" operation.

2.3 Two additional HARQ Process support
This feature allows that a BL UE uses up to 10 DL HARQ processes while keeping the same soft buffer size, which would not add UE complexity.
Proposal 10. To define a new Rel-14 optional UE radio capability, e.g. referred as ue-10-HarqProcess-BR, to indicate the support of up to 10 HARQ process for any BL UE (i.e. Rel-14 Cat.M1/M2).

2.4 HARQ-ACK Bundling support
This feature is defined targeting UEs operating on HD-FDD, however as the details of this feature are still under discussion (e.g. on the HARQ timing and its impact to DRX), we suggest to wait until RAN1 further progresses on its design.
3 Conclusion

The observations captured are the following:
Observation 1.
DCI is used by eNB to indicate the UE the usage of larger TBS for those UEs supporting larger maximum UL TBS than 1000bits when operating in BR of 1.4MHz.
Observation 2.
DCI is used by eNB to signal the TBS used by the UE in "Wider Bandwidth Reduced" operation.


The proposal captured are the following:
Proposal 1.
To discuss whether to define (1) a new UL UE category or (2) a new UE radio capability to indicate the UE support of larger UL TBS, up to 2984 bits, when operating in Bandwidth Reduced of 1.4MHz.
Proposal 2.
Not to provide an early indication on msg.3 to identify a UE support of larger UL TBS, up to 2984 bits, when operating in BR of 1.4MHz.
Proposal 3.
To define a new UE category, e.g. referred as Category M2, to identify a UE supporting "Wider Bandwidth Reduced" operation (in both DL and UL) of 5MHz, with 4008 bits for the max. DL and UL TBS and, 80 KBytes for L2 buffer size (leaving up to RAN1 to define the updated number for the soft channel bits). NOTE: A UE operating on "Wider Bandwidth Reduced" implies that decodes MPDCCH.
Proposal 4.
The new Cat.M2 UE supports as mandatory Rel-13 CE mode A.
Proposal 5.
The new Cat.M2 UE supports as mandatory the Rel-14 new feature for larger UL TBS (2984bits).
Proposal 6.
The new Cat.M2 UE supports as optional Rel-13 CE mode B.
Proposal 7.
To define a new Rel-14 optional UE radio capability, e.g. referred as ue-Wider-BR, to indicate the support of "Wider Bandwidth Reduced" operation (in both DL and UL), e.g. referred as W-BR, differentiating the support of the following cases:
Proposal 7.1.
Optional "W-BR support of 5 MHz" when in CE mode A/B for PDSCH and in CE mode A for PUSCH.
Proposal 7.1.1.
Optional "W-BR support of 20 MHz" when in CE mode A/B for PDSCH and in CE mode A for PUSCH. The "W-BR support of 5 MHz" is conditional mandatory to the "W-BR support of 20 MHz".
Proposal 7.2.
NOTE: RAN2 should assume that a UE could be configured with different max. W-BR in DL and UL (based on RAN1#86bis agreement).
Proposal 8.
To define DL RRC signaling for the eNB to configure a UE operating in "Wider Bandwidth Reduced" with the maximum UE's operational bandwidth for DL and UL.
Proposal 9.
Not to provide an early indication on msg.3 to identify a UE support of "Wider Bandwidth Reduced" operation.
Proposal 10.
To define a new Rel-14 optional UE radio capability, e.g. referred as ue-10-HarqProcess-BR, to indicate the support of up to 10 HARQ process for any BL UE (i.e. Rel-14 Cat.M1/M2).
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5 Annex

RAN1#86 agreements on FeMTC higher data rates [2]:

· The wider bandwidth operation is enabled by eNB.

· Wider bandwidth PDSCH/PUSCH is cross subframe scheduled by MPDCCH.

· MPDCCH follows Rel-13 design, which implies that it can be decoded by a UE operating in narrowband operation (6RB).

· If a new grant is introduced for wideband PDSCH/PUSCH, the number of blind decodings of MPDCCH does not increase with respect to Rel-13 eMTC.

· 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.

· Idle mode operations reuse the Rel-13 eMTC design.

· Study till next meeting whether there are any issues with a maximum useable PDSCH/PUSCH channel bandwidth which is a multiple of 6 PRBs.

· For Rel-14 FeMTC UEs supporting larger UE channel BW for PDSCH and PUSCH:

· The larger max. DL TBS is at least 2984 bits.

· The larger max. UL TBS is at least 2984 bits.

· For Rel-14 FeMTC UEs with larger TBS and channel BW:

· Idle mode operations reuse the Rel-13 eMTC design.

· 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.
RAN1#86bis agreements on FeMTC higher data rates:
· FeMTC UEs use Rel-13 DCI formats for MPDCCH Type-0/1/2 CSS transmissions.

· The following FeMTC features:

1. HARQ-ACK bundling

2. Larger maximum TBS for 1.4MHz operation

3. Larger maximum TBS for 5MHz operation

4. Support of larger bandwidth
5. 10 HARQ processes for downlink 
· They are enabled as follows:
· The UE reports capability to support a given feature

· FFS: The eNB enables the larger bandwidth and larger TBS by RRC reconfiguration

· The eNB enables the other features by RRC reconfiguration

· FFS: dependency between different features

· E.g. a UE that supports 5MHz operation shall support larger maximum TBS.

· Rel-14 UE supporting CE mode A and/or B can indicate how many narrowband retuning symbols it needs.

· Range: {0, 1, 2} symbols
· Default value: 2 symbols
· FFS: If the UE indicates it needs 1 symbol for retuning, then:

· When retuning between two PUSCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning between two PUCCH narrowbands, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUSCH narrowband to a PUCCH narrowband, the guard period is the last SC-FDMA symbol in the previous UL subframe

· When retuning from a PUCCH narrowband to a PUSCH narrowband, the guard period is the first SC-FDMA symbol in the next UL subframe

· It is up to eNB whether and how to take the UE capability into account.

Larger max PDSCH/PUSCH TBS
· Supported modulation schemes for Rel-14 BL/CE UEs:

· PDSCH: QPSK, 16QAM
· PUSCH: QPSK, 16QAM
· Max TBS for 5-MHz Rel-14 BL/CE UEs:

· PDSCH: 4008 bits
· PUSCH: 4008 bits
· Soft buffer size for 5-MHz Rel-14 BL UEs:

· Option 1: N∙96∙⌈(X+28)/32⌉ where N = max number of DL HARQ processes and X = max DL TBS

· Option 2: a smaller value than in Option 1

· Option 2 is agreed

· Details are FFS

· 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

· The tables in R1-1610861 are agreed for the proposed TBS table/ indication for 1.4 MHz feMTC UEs.

· 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.

· Rel-14 capability signaling is introduced to differentiate non-BL UEs with respect to maximum UE channel BW support in CE.

· Rel-14 non-BL UE may also support Rel-13 CE mode A and CE mode B.
· A Rel-14 non-BL UE supporting CE mode A operation with 20-MHz maximum PDSCH/PUSCH channel bandwidth also supports CE mode A operation with 5-MHz maximum channel bandwidth.

· Strive for commonality in the DCI design for the 5-MHz and 20-MHz cases without introducing unnecessary overhead for the 5-MHz case.

· FFS whether to support frequency hopping for PDSCH/PUSCH channel bandwidths >5 MHz

· The larger maximum UE channel BW for PDSCH is supported for both CE mode A and CE mode B.
· The larger maximum UE channel BW for PUSCH is not supported for CE mode B.
· For the 5-MHz BL UE,

· The maximum reception bandwidth is 25 PRBs.
· The maximum allocatable PDSCH channel bandwidth is [FFS between 24 or 25] PRBs.

· The maximum transmission bandwidth is 25 PRBs.
· The maximum allocatable PUSCH channel bandwidth is [FFS between 24 or 25] PRBs.

HARQ-ACK bundling in HD-FDD
· HARQ-ACK bundling is supported in CE Mode A in HD-FDD.
· HARQ-ACK bundling is not supported in CE Mode B.
· FFS whether HARQ-ACK bundling is supported in CE Mode A in FD-FDD.
· FFS whether HARQ-ACK bundling is supported for PUCCH repetition case.

· FFS whether HARQ-ACK bundling is supported for PDSCH repetition case.

· FFS whether HARQ-ACK bundling is supported for MPDCCH repetition case.

· One or multiple HARQ-ACK bundles can be supported for PDSCH scheduling before switching to UL.

· HARQ-ACK bundle size is defined as the number of PDSCH transmissions (corresponding to different HARQ processes) with a joint HARQ-ACK feedback.

· The maximum HARQ-ACK bundle size is 4.

· FFS: maximum number of HARQ-ACK bundles before switching to UL

Number of DL processes in FD-FDD
· 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

