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1 Introduction
In this contribution, we discuss several remaining issues on Rel-13 eMTC and present our proposals.
2 Support of PMI/RI disabling
It was agreed that Rel-13 eMTC UEs support TMs 1/2/6/9 and do not support TMs 3/4/5/7/8/10. For Rel-13 eMTC UEs configured with TM9, it needs to be discussed whether the parameter pmi-RI-Report shall be supported. 
For aperiodic CSI feedback, if the parameter pmi-RI-Report is configured for a legacy UE with TM9, the UE can be configured with aperiodic CSI reporting mode 1-2/2-2/3-1/3-2 with PMI/RI report; otherwise, the UE can be configured with aperiodic CSI reporting mode 2-0/3-0 without PMI/RI report. For Rel-13 eMTC UEs, it was agreed that only aperiodic CSI reporting mode 2-0 is supported for Mode A. Therefore, from aperiodic CSI feedback perspective, PMI/RI disabling is not necessary for Rel-13 eMTC UEs.

For periodic CSI feedback, if the parameter pmi-RI-Report is configured for a legacy UE with TM9, the UE can be configured with periodic CSI reporting mode 1-2/2-1 with PMI-RI report; otherwise, the UE can be configured with periodic CSI reporting mode 1-0/2-0 without PMI/RI report. For Rel-13 eMTC UEs, it was agreed that periodic CSI reporting mode 1-1 and 1-0 are supported for TM9 and Mode A. Furthermore, it was also agreed that only CRS based CSI measurement is supported for Rel-13 eMTC UEs, i.e. based on single antenna port 0 or transmit diversity. Furthermore, given Rel-13 eMTC UE only supports single layer transmission, there is no need for the Rel-13 eMTC UE to report the RI, which is clear from the Mode 1-1 description for Rel-13 eMTC UEs. Higher layers can directly configure between periodic CSI reporting mode 1-0 and 1-1 for a Mode A eMTC UE configured with TM9. 

Based on the above analysis, we have the following proposal:

Proposal 1: The parameter pmi-RI-report is not applicable for a Rel-13 eMTC UE configured with TM9 and CEMode_A.  
3 CSI subframe sets

Two types of CSI subframe sets are supported for legacy UEs, i.e. via csi-SubframePatternConfig-r10 or csi-SubframePatternConfig-r12. The former was introduced in Rel-10 eICIC and the later was introduced in Rel-12 eIMTA. Both CSI types of CSI subframe sets share the commonality that the DL interference characteristics are different in different DL subframes. For a Rel-13 eMTC UE to track the different DL interferences in different DL subframes increases the UE complexity. Furthermore, the associated CSI reporting mechanism with CSI subframe sets configured also complicates the Rel-13 eMTC design. 

Given that eICIC and eIMTA are mainly applicable to small cells, it is expected that Rel-13 eMTC UEs connected to small cells typically have good coverage. Therefore, transmission with a large number of repetition shall not occur often for Rel-13 eMTC UEs in small cells. Consequently, the transmission efficiency is not expected to be poor for Rel-13 eMTC UEs connected to small cells. The valid subframe configuration for Rel-13 eMTC UEs can exclude the DL subframes from a small cell employing eICIC cell range expansion or a small cell employing eIMTA.

Based on the above consideration, we have the following proposal:

Proposal 2: Rel-10 and Rel-12 CSI subframe sets cannot be configured to a Rel-13 eMTC UE.   
In RAN1#83, it was agreed that “No RRC signalling for CSI measurement subset restriction is introduced”. The above proposal intends to make it clear that CSI subframe sets are not applicable to Rel-13 eMTC UEs.
4 Aperiodic CSI reporting mode 2-0

It was agreed that aperiodic CSI reporting mode 2-0 is supported for Rel-13 eMTC UEs in CEMode_A. The UE selects M preferred narrowband(s) to report a CQI. Furthermore, it was agreed that the M preferred narrowband(s) must be within the set of narrowbands in which MPDCCH is monitored. Note that MPDCCH can hop among 2 or 4 narrowbands. Therefore, the value of M for Rel-13 eMTC UE shall not be larger than 4. It is noted that since a Rel-13 eMTC UE can only receive signal in one narrowband in a subframe, it is reasonable that a Rel-13 eMTC UE only selects one (i.e. M=1) preferred narrowband for each A-CSI report. 

Proposal 3: For aperiodic CSI reporting mode 2-0 for Rel-13 eMTC UEs, the number of UE selected narrowband(s) is one. A 2-bit is used to indicate the selected narrowband, among the at most four narrowbands in which MPDCCH is monitored.

5 Periodic CSI reporting mode 1-1

For periodic CSI reporting mode 1-1, a new 4Tx codebook was supported in Rel-12 for CSI feedback. However, there was no evaluation during the Rel-13 eMTC WI whether the new 4Tx codebook provide meaningful gain over the Rel-8 codebook. On the other hand, supporting two 4Tx codebooks increases the UE implementation complexity. Therefore, the following is proposed:

Proposal 4: Rel-12 4Tx codebook is not supported by Rel-13 eMTC UEs. 
6 CSI reference resource definition

It was agreed that the CSI reference resource is defined by a set of LC/CE downlink or special subframes. However, it has not been agreed whether each of the LC/CE downlink or special subframes must be valid CSI reference subframes. Furthermore, clear definition of the CSI reference subframe is not agreed.
The condition for a subframe to be valid subframe for CSI measurement purpose is defined in TS36.213 section 7.2.3. For a Rel-13 eMTC UE, when the CSI reference resource is extended to a multiple subframes, each of these subframe shall fulfill two conditions: 1) it is a LC/CE downlink/special subframe as indicated by the corresponding higher layer signaling; and 2) it is a valid downlink/special subframe for CSI measurement according to the existing definition in TS36.213 section 7.2.3. According to the current valid CSI downlink/special subframe definition, MBSFN subframes can be valid CSI downlink subframe for a UE configured in TM 9/10. For Rel-13 eMTC UEs configured with TM9, since CRS based transmission scheme is assumed for CSI reporting, it is proposed that MBSFN subframes cannot be valid CSI downlink subframes for Rel-13 eMTC UEs.
Furthermore, the timing between the last CSI reference subframe and the first subframe containing the CSI reporting should allow sufficient processing time at the Rel-13 eMTC UEs. In legacy LTE, at least ~3ms is provisioned. It is proposed to keep the ~3ms processing time for Rel-13 eMTC UEs.

Proposal 5: For Rel-13 eMTC UEs where a CSI reference resource composes a set of subframes,
· each CSI reference subframe shall be a valid downlink/special subframe for CSI measurement purpose;
· each CSI reference subframe shall be a LC/CE subframe configured by higher layers;

· MBSFN subframe is not a valid downlink/special subframe;

· for both A-CSI and P-CSI, if the first subframe containing the CSI is subframe n, the latest CSI reference subframe is denoted as n-nCQI, where nCQI≥4.
For Rel-13 eMTC UEs in CEMode_A, it was agreed that the number of subframe in a CSI reference resource equals the maximum number of PDSCH repetitions configure by higher layers. For aperiodic CSI reporting, if the maximum number of PDSCH repetition is larger than the maximum number of MPDCCH repetition, the decision may require the UE to start measuring CSI even before MPDCCH reception, and thus increasing the UE power consumption. Therefore, it is proposed to consider the following proposal:

Proposal 6: For a Rel-13 eMTC UE in CEMode_A, the CSI reference resource shall contain a set of R subframes, wherein R is the maximum number of repetitions for MPDCCH configured for the UE.        
7 TTI bundling

TTI bundling was supported since Rel-8, to improve the UL coverage. However, given that repetition is supported for a Rel-13 eMTC UE’s PUSCH transmission, the Rel-8 TTI bundling mechanism is not necessary for Rel-13 eMTC UEs.
Proposal 7: Rel-8 TTI bundling is not supported by Rel-13 eMTC UEs.

8 RACH timing
The timing of L1 random access procedure is described in section 6.1.1 in TS36.213. However, the description for Rel-13 eMTC UE is not complete due to lack of agreements. 
Most of the corresponding RACH timing for Rel-13 eMTC UEs can be straightforwardly derived from the legacy RACH timing, except that the timing is defined between the last transmission of a first channel and the first transmission of a second channel/signal.
One particular issue deserves some discussion is related to the UL delay in RAR for Msg3 transmission. In legacy LTE system, if the UL delay bit in RAR is set to 1, transmission of Msg3 is delayed by 1 available UL subframe. The UL delay bits is to avoid Msg3 collision of multiple UEs. For Rel-13 eMTC, it is reasonable that the UL delay can be extended to be more than 1 UL subframe, given that Msg3 transmission of a Rel-13 UE can occupy multiple subframes. One possibility is to have a delay of a fixed number of UL subframes. Another possibility is to have a delay equal to the number of repetitions of the Msg3 transmission. The latter approach is more flexible and therefore is proposed.
Proposal 8: The following timing applies to Rel-13 eMTC UEs

· For a PDCCH order is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PRACH transmission in the first subframe n+k2, k2 ≥6, where a corresponding PRACH resource is available;
· For a PDSCH containing RAR is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PUSCH (i.e. msg3) transmission in the first LC/CE uplink subframe n+k1, k1 ≥6, if the UL delay in the RAR is set to 0;
· For a PDSCH containing RAR is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PUSCH (i.e. msg3) transmission in the first LC/CE uplink subframe n+k1, k1 ≥6+Δ, if the UL delay in the RAR is set to 1;

· The value of Δ is the number of Msg3 repetitions as indicated in the RAR.

· If a random access response is received and its transmission ends in subframe n, and the corresponding DL-SCH does not contain a response to the transmitted PRACH, the Rel-13 eMTC UE shall, if requested by higher layers, be ready to transmit a new PRACH no later than in subframe n+5;

· If no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+4. 
9 TDD HARQ-ACK feedback
For Rel-13 eMTC UEs in CEMode_A, it was agreed that HARQ-ACK bundling is supported for PDSCH in TDD, and HARQ-ACK multiplexing is supported only when PDSCH is configured to not repeat in TDD. For Rel-13 eMTC UEs in CEMode_B, HARQ-ACK bundling and multiplexing are not support for TDD, in other words, within a TDD HARQ-ACK feedback window, a Rel-13 eMTC UE only feeds back a maximum of 1 HARQ-ACK bit.

The agreement of supporting HARQ-ACK bundling for TDD and CEMode_A  means that a Rel-13 TDD eMTC UE in CEMode_A may receive multiple PDSCH within a HARQ-ACK feedback window. Furthermore, repetitions of one PDSCH transmission may occur across multiple HARQ-ACK feedback windows. This leads to significant complication of the TDD specification. It is noted that the case of multiple PDSCH received within a HARQ-ACK bundling is more often when the maximum number of PDSCH repetition is 1. For number of PDSCH repetition numbers larger than 1, it simplifies the UE implementation and specification if there is at most 1 HARQ-ACK bit per feedback window. It is noted that MPDCCH can indicate DL SPS release which also requires HARQ-ACK feedback.
Proposal 9: For TDD and Rel-13 eMTC UEs in CEMode_A, HARQ-ACK bundling is supported only when PDSCH and MPDCCH is configured to NOT repeat.
Consequently, for TDD and a Rel-13 eMTC UE configured with possible PDSCH repetition, the UE only expects to receive one PDSCH or one MPDCCH indicating DL SPS release in a HARQ-ACK feedback window and therefore provides one HARQ-ACK feedback bit per feedback window. In this case, the DL and UL DAI is no longer  necessary.

Proposal 10: For TDD and Rel-13 eMTC UEs in CEMode_A and configured with possible PDSCH or MPDCCH repetition, the DL and UL DAI field in the corresponding DCI is reserved.
It is noted that for CEMode_A, the current RRC parameter pdsch-maxNumRepetitionCEmodeA-r13 for maximum number of PDSCH repetitions can take values 8, 16, and 32 [2]. Therefore, the current RRC parameter does not provide the possibility to configure PDSCH to not repeat for a Rel-13 eMTC UE in CEMode_A. Therefore, the possible value of 1 for the parameter  pdsch-maxNumRepetitionCEmodeA-r13 needs to be provided.

Proposal 11: The parameter pdsch-maxNumRepetitionCEmodeA-r13 can take a value of 1.

Furthermore, for TDD and a Rel-13 eMTC UE in CEMode_A and configured with HARQ-ACK multiplexing, it is beneficial that the UE does not repeat HARQ-ACK transmission. The reason is that HARQ-ACK multiplexing by channel selection partly conveys the HARQ-ACK information by selecting one out of multiple HARQ-ACK resources. If HARQ-ACK is repeated, it requires additional specification, UE implementation, and testing. Therefore, we have the following proposal:

Proposal 12: For TDD and a Rel-13 eMTC UE in CEMode_A and configured with HARQ-ACK multiplexing, the UE shall not be configured with PUCCH repetition. 

10 TDD PUSCH transmission with UL/DL configuration 0

For TDD UL/DL configuration 0, the UL index in the MPDCCH with DCI format 6-0A consists of two bits, which can schedule PUSCH in two different UL subframes. In legacy system, it is possible to set both the MSB and LSB of the UL index to 1, meaning that the UE shall transmit PUSCH in the corresponding two UL subframes. For Rel-13 eMTC UEs, setting both the MSB and LSB of the UL index to 1 only makes sense when PUSCH is not repeated according to the DCI format 6-0A.

Proposal 13: For a Rel-13 eMTC UE and TDD UL/DL configuration 0, the MSB and LSB of the UL index in a DCI format 6-0A can both be set to 1, only when the DCI format 6-0A schedules the PUSCH without repetition.  

11 Conclusions
In this contribution, we discuss several remaining issue on Rel-13 eMTC. The following proposals are provided:
Proposal 1: The parameter pmi-RI-report is not applicable for a Rel-13 eMTC UE configured with TM9 and CEMode_A.  

Proposal 2: Rel-10 and Rel-12 CSI subframe sets cannot be configured to a Rel-13 eMTC UE.   

Proposal 3: For aperiodic CSI reporting mode 2-0 for Rel-13 eMTC UEs, the number of UE selected narrowband(s) is one. A 2-bit is used to indicate the selected narrowband, among the at most four narrowbands in which MPDCCH is monitored.

Proposal 4: Rel-12 4Tx codebook is not supported by Rel-13 eMTC UEs. 

Proposal 5: For Rel-13 eMTC UEs where a CSI reference resource composes a set of subframes,
· each CSI reference subframe shall be a valid downlink/special subframe for CSI measurement purpose;

· each CSI reference subframe shall be a LC/CE subframe configured by higher layers;

· MBSFN subframe is not a valid downlink/special subframe;

· for both A-CSI and P-CSI, if the first subframe containing the CSI is subframe n, the latest CSI reference subframe is denoted as n-nCQI, where nCQI≥4.
Proposal 6: For a Rel-13 eMTC UE in CEMode_A, the CSI reference resource shall contain a set of R subframes, wherein R is the maximum number of repetitions for MPDCCH configured for the UE.        

Proposal 7: Rel-8 TTI bundling is not supported by Rel-13 eMTC UEs.

Proposal 8: The following timing applies to Rel-13 eMTC UEs

· For a PDCCH order is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PRACH transmission in the first subframe n+k2, k2 ≥6, where a corresponding PRACH resource is available;

· For a PDSCH containing RAR is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PUSCH (i.e. msg3) transmission in the first LC/CE uplink subframe n+k1, k1 ≥6, if the UL delay in the RAR is set to 0;

· For a PDSCH containing RAR is received and its transmission ends in subframe n, the Rel-13 eMTC UE shall start the PUSCH (i.e. msg3) transmission in the first LC/CE uplink subframe n+k1, k1 ≥6+Δ, if the UL delay in the RAR is set to 1;

· The value of Δ is the number of Msg3 repetitions as indicated in the RAR.

· If a random access response is received and its transmission ends in subframe n, and the corresponding DL-SCH does not contain a response to the transmitted PRACH, the Rel-13 eMTC UE shall, if requested by higher layers, be ready to transmit a new PRACH no later than in subframe n+5;

· If no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n+4. 
Proposal 9: For TDD and Rel-13 eMTC UEs in CEMode_A, HARQ-ACK bundling is supported only when PDSCH and MPDCCH is configured to NOT repeat.

Proposal 10: For TDD and Rel-13 eMTC UEs in CEMode_A and configured with possible PDSCH or MPDCCH repetition, the DL and UL DAI field in the corresponding DCI is reserved.
Proposal 11: The parameter pdsch-maxNumRepetitionCEmodeA-r13 can take a value of 1.

Proposal 12: For TDD and a Rel-13 eMTC UE in CEMode_A and configured with HARQ-ACK multiplexing, the UE shall not be configured with PUCCH repetition. 

Proposal 13: For a Rel-13 eMTC UE and TDD UL/DL configuration 0, the MSB and LSB of the UL index in a DCI format 6-0A can both be set to 1, only when the DCI format 6-0A schedules the PUSCH without repetition.  
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