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1 Introduction
In Rel-13 MTC WI, a number of issues are discussed and the relevant agreements are made. However, there still exists some points to be clarified or to be further discussed. In this contribution, we continue to discuss several remaining issues on Rel-13 eMTC and present our proposals.
2 Discussion
· Available subframe definition 

According to the agreements made in RAN1#82 and RAN1#82bis meeting, available subframes for downlink and uplink transmission are explicitly configured by SIB1bis. In these available subframes, UE does not expect downlink/uplink transmission and postpones repetitions till the next available subframe. In addition, if there are not available subframes for downlink/uplink transmission which are not configured as available subframe by SIB1bis, UE drops repetitions and these subframes are counted in the repetition. 

	RAN1#82bis agreement on valid uplink subframes:

· A UE can drop transmitting PUSCH/PUCCH in subframes unavailable due to UE-specific configuration or behavior such as a measurement gap

· The subframe unavailable due to UE-specific configuration or behavior is counted in the repetition  

RAN1#82bis agreement on valid downlink subframes:

· A UE can drop receiving repetition in subframe(s) unavailable due to UE-specific configuration or behavior such as measurement gap 

· The subframe unavailable due to UE-specific configuration or behavior is counted in the repetition 


However, the definition of available subframes which counted for repetitions seems not captured in the current CRs. We believe that the definition of available subframes and UE behavior for repetitions in available/not available subframes should be captured clearly in the specification.
In current CR for TS 36.213, UE behavior for PDSCH/PUSCH/PUCCH repetitions in measurement gap. But this behavior for MPDCCH does not captured. The same assumption should be applied for MPDCCH.
Proposal 1: The specification should capture the definition of available subframes and related UE behavior for repetitions.
Proposal 2: The following expression should be captured for MPDCCH also in the TS36.213.
· The UE may drop receiving DL transmission(s) in subframe n+ki if subframe n+ki is within a measurement gap;
· Channel priority issue

(a) Dynamic scheduled data and semi-persistent scheduled data

In RAN1#83, following agreement was made on priority issues on dynamically scheduled data and semi-persistent scheduled data.

	RAN1#83 agreement:
· For Rel-13 eMTC UEs, dynamically scheduled PDSCH and PUSCH have higher priority than semi-persistent scheduled PDSCH and PUSCH

· For collisions between semi-persistent scheduled PDSCH and PUSCH and other channels, same rules as dynamically scheduled PDSCH and PUSCH apply.


This agreement does not captured in the CR yet. We think it would impact to TS 36.211 and TS36.213, since HD-FDD UE behavior on guard period creation and channel transmission/reception priority is changed.
Proposal 3: The agreement on priority issues on dynamically scheduled data and semi-persistent scheduled data should be captured in TS 36.211 and TS 36.213.
(b) MPDCCH and PDSCH

In case of scheduled PDSCH and M-PDCCH monitoring resources are overlapped within the same narrowband, it was agreed that PDSCH reception is prioritized and UE monitors M-PDCCH candidates which are not overlapped by the PDSCH. 
	RAN1#83 agreement:
· If scheduled PDSCH reception and M-PDCCH  monitoring opportunity fully or partially overlap in time and are located at different narrowbands, scheduled PDSCH reception is prioritized over  M-PDCCH monitoring opportunity

· Note: If scheduled PDSCH reception and M-PDCCH  monitoring opportunity are located at the same narrowbands, UE performs both functions:

· Receives the scheduled PDSCH

· Monitors M-PDCCH candidates in resources not occupied by the PDSCH


This agreement seems not captured in TS 36.213 CR, and it needs to be captured similar to EPDCCH candidate and PBCH PRB overlapping case.
Proposal 4: It should be captured in TS 36.213 that a UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same subframe.
· Priority handling among uplink channels
Collisions among different channels for repeated uplink transmissions, we have the following cases which need discussion whether to specify the handling in the spec. 
(a) Collision between PRACH and PUCCH/PUSCH: as PUCCH/PUSCH can be repeated, it can be partially or fully overlapped with the configured PRACH resource. In case CE mode A, rate matching for PUSCH can be performed on the PRBs overlapped with the configured PRACH resource. In case CE mode B, as only one PRB is scheduled for PUSCH, PUSCH can be skipped in the overlapped subframe. For PUCCH, as it always fully overlap with PRACH resource, it is always skipped. In addition to PRACH resource for eMTC, it is also desirable to skip data repetition of eMTC on legacy PRACH resource. To support it, legacy PRACH configuration needs to be additionally signaled via MTC-SIBx. 

(b) Collision between periodically scheduled uplink transmission and other periodically scheduled uplink transmission: for example, between PUCCH with CSI and SPS PUSCH, it is proposed to assume that the network would not create such a case, and it is treated as misconfiguration if occurs. 

(c) Collision between PUCCH with A/N or scheduled PUSCH and periodically scheduled transmission: in this case, PUCCH with A/N or scheduled PUSCH can have higher priority. 

(d) Collision between PUCCH with A/N and scheduled PUSCH or aperiodic CSI: as it is controlled by the network not to overlap between transmissions, if this case occurs, it is treated as if early termination. The earlier transmission is dropped and the new transmission will start repetition. 
Proposal 5: Consider signaling of legacy PRACH configuration for avoiding legacy PRACH resource in PUCCH/PUSCH repetition. PRACH resource gets highest priority over PUCCH/PUSCH repetition. PUCCH/PUSCH will not be mapped to the configured PRACH resources. 

Proposal 6: Priority among different uplink transmissions needs to be discussed. 

· Update of timing advance
It is expected that TA update would be necessary for both CE mode A and B. When a UE has received TA update, currently a UE applies small step of TA value per each subframe. If this is used over cross-channel estimation (where each subframe may use different TA), it may cause performance degradation at the eNB side. Thus, it is worthwhile to consider ensuring the same TA used at least X=Ych subframes where cross-channel estimation is assumed. 

Proposal 7: TA value that a UE uses would not change at least X = Ych subframes. 
· Details of downlink control channel handling
(a) Search space composition for extended CP
In case of extended CP, there are a half number of ECCEs within the same number of PRB-set compared to normal CP case with EPDCCH Case A, since an ECCE consists of 8 EREGs in extended CP. For example, within EPDCCH PRB-set with 4 PRBs, there exist only 8 ECCEs. Therefore, it is difficult to apply MPDCCH search space to extended CP case directly. A simple way to compose MPDCCH search space for extended CP is to support smaller aggregation levels. Since AL 2, 4, 8, 16, and 24 are supported in normal CP, M-PDCCH in extended CP can support AL 1, 2, 4, 8, and 12 instead. In other words, the designed MPDCCH search space for normal CP case can be reused for extended CP, but AL 2, 4, 8, 16, and 24 can be replaced to AL 1, 2, 4, 8, and 12 respectively.
Proposal 8: MPDCCH search space for extended CP reuses MPDCCH search space for normal CP by replacing AL 2, 4, 8, 16, and 24 to AL 1, 2, 4, 8, and 12 respectively.

(b) Special subframe handling

In legacy EPDCCH with normal CP, following subframes have ECCEs consisting of 4 EREGs but support different ALs compared to normal subframe.

· Case 1: Special subframes with special subframe configuration 3,4,8

In addition, following subframes have ECCE consisting of 8 EREGs and support different ALs compared to normal subframe.

· Case 2: Special subframes with special subframe configuration 1,2,6,7,9
Subframes in Case 1 has the same number of ECCEs (e.g., 16 ECCEs in a PRB-set with 4 PRBs) compared to normal case. Since there is an agreement that ‘L is same within R subframes and the ECCE indices are same within R subframes and ECCE indices are same within R subframes’, some special treatment for these subframes seems not required in case of R > 1. Even with R=1, supporting different set of ALs depending on subframe could cause additional issues especially when UE monitors MPDCCH candidates with R>1 and R=1 together. In our opinion, same subset of L and the number of decoding candidates per L should be monitored regardless of subframe.
Subframes in Case 2 have only 8 ECCEs in a PRB-set with 4 PRBs compared to normal subframe. Then, when an MPDCCH bundle is transmitted using same ECCE resources during repetition, it can be happened that subframes in Case 2 do not have ECCE(s) for MPDCCH transmission. To resolve this issue, three solutions can be considered.

· Option (a): If all or a part of ECCE(s) composing an MPDCCH candidate does not exist in a subframe, a UE is not expected to monitor the MPDCCH candidate.
· Option (b): If all or a part of ECCE(s) composing an MPDCCH candidate does not exist in a subframe, a UE monitors the MPDCCH candidate using available ECCE(s).
· Option (c): An ECCE consists of 4 EREGs in special subframes with special subframe configuration 1,2,6,7,9 with normal CP
· Option (d): A UE drops receiving MPDCCH transmission in special subframes with special subframe configuration 1,2,6,7,9 with normal CP.
Among above three options, we prefer Option (c) since all candidates can utilize resources in subframes in Case 2. If option (a), (b), or (c) is adopted, subframes in Case 2 should be counted for repetitions even if these subframes are not utilized for MPDCCH transmission.
Proposal 9: An ECCE is composed by 4 EREGs for normal subframe and special subframe with normal CP. An ECCE is composed by 8 EREGs for normal subframe and special subframe with extended CP.

Proposal 10: Composition of L, R, and the number of decoding candidates for normal subframe and special subframe are same regardless of special subframe configuration.
· RACH procedure related timing

RACH related timing issue can be summarizes as follows:

1) UE successes to decode PDSCH containing MAC RAR, and RAR is associated with the transmitted PRACH. When UE will transmit Msg3.
2) UE successes to decode PDSCH containing MAC RAR, but RAR is not associated with the transmitted PRACH. When new preamble sequence is ready to transmitted.

3) UE fails to decode PDSCH containing MAC RAR within RAR window. When new preamble sequence is ready to transmitted. 

In case of 1) and 2), depending on whether PDSCH containing MAC RAR is associated with the transmitted PRACH or not, UE will transmit Msg3 or new preamble sequence. In other words, both case is highly related to the PDSCH reception timing. In case of 3), UE needs to wait until the end of the RAR window regardless of whether UE fails to detect M-PDCCH scramble by RA-RNTI or PDSCH containing MAC RAR. In those point of view, RACH related timing for coverage enhancement mode simply depends on the ending subframe of PDSCH repetition containing MAC RAR or the ending subframe of RAR window. Meanwhile, RAR window size needs to be extended to cover both M-PDCCH repetition and PDSCH repetition. If not, in case of 3), the timing for PRACH retransmission can be varying depending on which channel UE fails to detect between M-PDCCH scrambled by RA-RNTI or PDSCH containing MAC RAR. 
Proposal 11: RACH related timing is depending on the ending subframe of PDSCH containing MAC RAR when UE decode MAC RAR successfully. Otherwise, the timing depends on the ending subframe of RAR window. 
Proposal 12:Within RAR window, both M-PDCCH repetition scrambled by RA-RNTI and the corresponding PDSCH repetition are transmitted. 
· Details of starting subframe configuration
It is agreed to signal starting subframe (3 bits) for USS (UE-specific) and CSS (CE level specific). The starting subframe periodicity should be sufficiently large to ensure that the number of valid downlink subframes within a period is larger than the maximum M-PDCCH repetition number for a UE or for the CE level. As the number of invalid downlink subframe varies depending on the configuration, and also starting subframe can be used for TDM among different UEs and among different CE levels, starting subframe configuration needs to be able to configure “periodicity” at least. As the periodicity can be a function of the maximum M-PDCCH repetition number, we propose the value is derived from “starting subframe” value and the maximum M-PDCCH repetition number. In addition, it is desirable to also signal “offset” value which can be also derived from “starting subframe” value and the maximum M-PDCCH repetition number. Four values for periodicity and four values for offset can be considered. Periodicity value P can be {100%, 150%, 200%, 400%} and offset value can be {0, Periodicity/4, Periodicity/2, reserved}. In this case, the periodicity can be computed as P * Rmax, and offset is defined {0, P*Rmax/4, P*Rmax/2, reserved} for each offset value. 
For PRACH starting subframe, similar approach can be considered where PRACH repetition number is used in this case. As PRACH resources are configured which can be discontinuous, in terms of determining starting subframe for PRACH, only the subframe configured with PRACH resource can be used in computation. For example, if periodicity is configured as 200% and the repetition number of PRACH is 64, the periodicity of starting subframe is 128. In this case, counting only PRACH resource subframe, in every 128 PRACH subframes, it is expected to start PRACH repetition. When starting subframe is not configured, the starting subframe of PRACH is determined by only the repetition of PRACH and the set of PRACH subframes. For example, if 2 subframes in every 20 msec is configured as for PRACH resource, and the repetition of PRACH is 64, in every 640 msec, PRACH repetition can start. 
Proposal 13:Periodicity and offset are jointly configured in starting subframe set for M-PDCCH and PRACH. 

Proposal 14: Default starting subframe determination of PRACH repetition derived from PRACH repetition number and PRACH resource configuration is specified. 
· Radio link failure
Radio link failure measurement needs to be updated considering M-PDCCH repetition. In terms of repetition number, it needs to be determined whether to use the configured M-PDCCH repetition number or maximum M-PDCCH repetition number supported by the network. 
Proposal 15: RLM measurement needs to be changed in consideration of M-PDCCH repetition. Decide which repetition number is assumed for RLM measurement. 
· Channel state information
(a) PMI-RI: as eMTC UE does not report RI and does not utilize CSI-RS for measurement, it is natural not to apply PMI-RI configuration to eMTC UEs. 
(b) Reference resource determination of ‘m’ subframes: it is agreed to have ‘m’ subframes for reference resource., then location of the reference resource needs to be clarified. We propose to assume consecutive ‘m’ valid downlink subframes before nCQI_ref  (where n-nCQI_ref is the smallest value greater than or equal to 4, corresponds to a valid downlink and subframe). 
Proposal 16: Clarify reference resource for CSI measurement. 
· DMRS scrambling sequence for PUSCH
In RAN1#83 meeting, followings are agreed for DMRS scrambling sequence:

	RAN1#83 agreement:
· In Mode B, DMRS scrambling sequence is the same in Z subframes
· The DMRS scrambling initialization value is calculated using legacy equation and assuming that ns is the first slot of the first subframe of period Z 


The main motivation of this agreement was to support I/Q combining for coverage enhancement mode UE as in agreement relevant to data scrambling for PUSCH/PDSCH. Regarding the latest 211 CR for eMTC, R1-157918, it seems that the above agreement is not applied yet while the agreement related to data scrambling for PUSCH is already reflected. It is needed to modify group-hopping pattern 
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 in 5.5.2.1.1 in 211 TS document. 
Proposal 17 :It is necessary to modify group-hopping pattern 
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 considering agreement relevant to DMRS scrambling for PUSCH. 
· Others
(a) TDD timing for PUSCH
According to following RAN1#83 agreements, PUSCH timing is based on the legacy timing.
	RAN1#83 agreement:

· Note:

· The scheduling timing for PUSCH and the HARQ timing for PDSCH is based on the legacy timing, which, as already agreed earlier, may further depend on R, and FDD/TDD system type. This is to be captured in the CR stage.


PUSCH timing in TDD case also based on the legacy timing, then PUSCH transmission starts in subframe n+k where n is the last subframe for scheduling MPDCCH transmission and k corresponding to n is given in Table 1. In Table 1, downlink subframes and special subframes are marked as blue and yellow color respectively. Then, we can see that lots of downlink/special subframes does not have corresponding PUSCH transmission timing k. However, depending on the number of invalid subframes which cause postponing MPDCCH repetitions, MPDCCH repetitions can be finished in any downlink/special subframe. Then, MPDCCH repetition can be ended in subframe which does not have PUSCH timing and UE behavior for this case needs to be clarified.
If the last subframe of MPDCCH repetitions (subframe n) does not have corresponding PUSCH timing (k), we propose that a UE assumes the first downlink/special subframe which has PUSCH timing after subframe n as the last subframe of MPDCCH repetitions. Then, if the closest subframe which has corresponding PUSCH timing after subframe n is subframe n+a, PUSCH transmission starts in subframe n+a+k where k is PUSCH timing for subframe n+a.

Table 1. k for TDD configuration 0-6
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Proposal 18: If the last subframe of MPDCCH repetitions (subframe n) does not have corresponding PUSCH timing (k), we propose that a UE assumes the first downlink/special subframe which has PUSCH timing after subframe n as the last subframe of MPDCCH repetitions for PUSCH transmission.
(b) Starting OFDM symbol for MBSFN and special subframe
The starting OFDM symbol for M-PDCCH and PDSCH except SIB1bis is configured by SIB1bis. Configured CFI value is within {1,2,3} for 
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. However, the starting OFDM symbol for subframe 1 and 6 for TDD is maximum 2 as in existing system.
	RAN1#82bis agreement:
· For subframes containing PDSCH carrying SIB1bis, the starting OFDM symbol of SIB1bis reception is a fixed value predefined in the specification

· The fixed value is equal to the maximum CFI value for the given system configuration (TDD/FDD, system bandwidth)

· For M-PDCCH and other PDSCH, the starting OFDM symbol is broadcast to all low-complexity/coverage-enhancement UEs in a cell via a shared higher layer parameter in SIB1bis

· The higher layer parameter is a 2-bit field, indicating starting OFDM symbol ( {1,2,3} for N_RB^DL >10 , and ( {2,3,4} for N_RB^DL (10  

· As in existing system, the starting OFDM symbol for subframe 1 and 6 for TDD is maximum 2


In current TS 36.213 CR, the agreement regarding the maximum starting OFDM symbol for subframe 1 and 6 for TDD is not reflected. So, it should be captured in the CR.
In addition, the maximum starting OFDM symbol is 2 for MBSFN subframes. Therefore, the maximum starting OFDM symbol for eMTC UEs in MBSFN subframes should be also restricted to 2 in maximum.
Proposal 19: As in existing system, the starting OFDM symbol for MBSFN subframe is maximum 2.

3 Conclusion
This contribution discussed some remaining issues on eMTC and proposed the followings.

Proposal 1: The specification should capture the definition of available subframes and related UE behavior for repetitions.
Proposal 2: The following expression should be captured for MPDCCH also in the TS36.213.

· The UE may drop receiving DL transmission(s) in subframe n+ki if subframe n+ki is within a measurement gap;
Proposal 3: The agreement on priority issues on dynamically scheduled data and semi-persistent scheduled data should be captured in TS 36.211 and TS 36.213.
Proposal 4: It should be captured in TS 36.213 that a UE is not expected to monitor an MPDCCH candidate, if an ECCE corresponding to that MPDCCH candidate is mapped to a PRB pair that overlaps with a transmission of PDSCH scheduled previously in the same subframe.
Proposal 5: Consider signaling of legacy PRACH configuration for avoiding legacy PRACH resource in PUCCH/PUSCH repetition. PRACH resource gets highest priority over PUCCH/PUSCH repetition. PUCCH/PUSCH will not be mapped to the configured PRACH resources. 

Proposal 6: Priority among different uplink transmissions needs to be discussed. 

Proposal 7: TA value that a UE uses would not change at least X = Ych subframes. 
Proposal 8: MPDCCH search space for extended CP reuses MPDCCH search space for normal CP by replacing AL 2, 4, 8, 16, and 24 to AL 1, 2, 4, 8, and 12 respectively.

Proposal 9: An ECCE is composed by 4 EREGs for normal subframe and special subframe with normal CP. An ECCE is composed by 8 EREGs for normal subframe and special subframe with extended CP.

Proposal 10: Composition of L, R, and the number of decoding candidates for normal subframe and special subframe are same regardless of special subframe configuration.
Proposal 11: RACH related timing is depending on the ending subframe of PDSCH containing MAC RAR when UE decode MAC RAR successfully. Otherwise, the timing depends on the ending subframe of RAR window. 
Proposal 12:Within RAR window, both M-PDCCH repetition scrambled by RA-RNTI and the corresponding PDSCH repetition are transmitted. 
Proposal 13:Periodicity and offset are jointly configured in starting subframe set for M-PDCCH and PRACH. 

Proposal 14: Default starting subframe determination of PRACH repetition derived from PRACH repetition number and PRACH resource configuration is specified. 
Proposal 15: RLM measurement needs to be changed in consideration of M-PDCCH repetition. Decide which repetition number is assumed for RLM measurement. 
Proposal 16: Clarify reference resource for CSI measurement. 
Proposal 17 :It is necessary to modify group-hopping pattern 
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Proposal 18: If the last subframe of MPDCCH repetitions (subframe n) does not have corresponding PUSCH timing (k), we propose that a UE assumes the first downlink/special subframe which has PUSCH timing after subframe n as the last subframe of MPDCCH repetitions for PUSCH transmission.

Proposal 19: As in existing system, the starting OFDM symbol for MBSFN subframe is maximum 2.
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