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1 Introduction

At the RAN1 #81 meeting, RAN1 made the following agreements regarding definition of narrowbands for Rel-13 MTC with reduced bandwidth (BW) support [1]:
· A narrowband is defined as a set of contiguous PRBs
· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD
· Narrowbands are non-overlapping
· FFS: Some PRBs may not be included in any narrowband
· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands
· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW
· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

On M-PDCCH to PDSCH timing relationship and dynamic frequency selective scheduling, RAN1 made the following agreements [1]:
· Confirm the following revised working assumption at RAN1#80bis meeting

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling,
· Case 1:
· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 
· This doesn’t preclude predefined frequency hopping 
· FFS: Details on resource allocation field in DCI 
· FFS: whether and/or how to utilize PRBs not included in any narrowband of 6PRBs
· CSI measurements can be restricted to a subset of the available  narrow-bands
· FFS: details
· FFS: whether and/or how to  define a case (Case 2) that UE can assume PDSCH is scheduled in the same or a known (when frequency hopping is used) narrowband
· This doesn’t preclude predefined frequency hopping
· Value of k in Case 1 is:
· k>=2
· RAN1 will select a single fixed value of k after receiving RAN4 input on retuning time
· Company should investigate impact on UE complexity of M-PDCCH decoding (R1-153082).
· When k > 2, RTT may need to be modified.
· Value of k in Case 2 is:
· k=1
· FFS: how to handle the subframe used for retuning in case of frequency hopping is applied
· FFS for the subframe n+k not allowed for PDSCH (e.g. PMCH, TDD, HD-FDD)
Additionally, RAN1 also made the following agreements on frequency hopping for physical channels for MTC [1]:

· Working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC SIB-1 is always used at least system bandwidth >= 5Mhz

· Working assumption: The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth. 

· For frequency hopping of a channel CH, 

· YCH (frequency hopping granularity) is determined based on one of the following options

· Alt 1. A common value is used 

· FFS whether YCH is specified in the spec or configured by MIB/SIB1

· Alt 2. Multiple values are used (e.g., a single value per coverage/repetition level)

· FFS the details including mappings

· Alt 3. YCH is variable

· YCH is determined based on repetition number and the number of narrow-bands used for hopping

· One hop per narrowband (one retuning per narrowband)

· Note: Hopping pattern of common channels such as SIBx is cell-specific 

· FFS whether frequency hopping  can be used for LC UEs in non-CE

· FFS on details of mapping between hopping pattern(s) and channels

In this contribution, we share our views on the remaining details of narrowband operation for LC MTC with reduced BW support remaining details of time-frequency relationships for physical channels and on measurement gaps for LC MTC UEs with reduced BW support.
2 Remaining details of narrowband configuration
Based on the above-quoted agreements from RAN1 #81 meeting, one of the outstanding aspects regarding the definition of narrowbands concerns the handling of “residual PRBs” that may not belong to any 6-PRB narrowband. Except for the case of 1.4 MHz system BW, for all other cases, there will be non-zero number of residual PRBs. Considering that the location of PSS/SSS/PBCH is defined independent of any 6-PRB NB, it may be beneficial to designate the central PRBs as the residual PRBs and define a symmetric number of NBs on either side of the residual PRBs. Additionally, considering the agreement to align the NBs for DL and UL at least for the case of TDD deployments, it would be desirable to leave the central PRBs as residual PRBs from the perspective of Rel-13 LC MTC UEs to minimize the impact from PUSCH bandwidth fragmentation for UL scheduling for legacy UEs. 

These regular 6-PRB-long NBs can be indexed starting from one edge of the BW and either increasing with frequency or in a mirrored fashion about the set of central residual PRBs. 
Thus, the resulting sets of NBs for each system BW can be summarized as in Table 1.
Table 1. Number of 6-PRB narrowbands and residual PRBs
	System BW/Total PRBs
	Number of 6-PRB NBs on each side of the set of residual PRBs
	Number of residual PRBs (% of total PRBs)

	1.4 MHz/ 6
	N/A (Total = 1 6-PRB NB)
	0 (0 %)

	3 MHz/ 15
	1
	3 (20%)

	5 MHz/25
	2
	1 (4%)

	10 MHz/50
	4
	2 (4%)

	15 MHz/75
	6
	3 (4%)

	20 MHz/100
	8
	4 (4%)


As can be seen from the above, except for the case of 3 MHz system BW, for all other cases, the % of PRBs that do not belong to a NB is no more than 4% of the available system resources. Further, note that since these are the central PRBs, the physical resources in the residual PRBs are actually utilized whenever there are PSS/SSS/PBCH transmissions. Hence, the actual fraction of resources not available for Rel-13 LC MTC UEs is actually less than that estimated in Table 1. For instance, for deployments with 3 MHz BW, assuming PBCH repetitions on subframes 0 and 9 (FDD) and 0 and 5 (TDD), the percentage of true “residual resources” can be roughly approximated as 16% (ignoring the PSS/SSS transmissions on subframe 5 of a radio frame). Note that these estimates would be relevant only under the assumption of deployments dedicated for Rel-13 LC MTC UEs only, which may be a very strong assumption to begin with.
Thus, while further optimization may be considered to make the residual PRBs usable for Rel-13 MTC UEs, any related signaling may incur additional signaling overhead and specification work. Hence, it may be more appropriate to consider such optimizations as lower priority for the current phase of the WI. 
Proposal 1:
· The residual PRBs that do not belong to any 6-PRB narrowband are located at the center of the system BW with the 6-PRB narrowbands defined symmetrically about the central residual PRBs. 

· The number of residual PRBs depend on the system BW and are as listed in Table 1.

· The 6-PRB-long NBs can be indexed starting from one edge of the system bandwidth and either increasing with frequency or in a mirrored fashion about the set of central residual PRBs.

Regarding the potential offsets for UL NBs to account for legacy PUCCH and PRACH, it should be noted that introduction of such offsets may make it difficult to align the NBs between DL and UL in TDD systems. At the same time, given that the number of PRBs reserved for legacy PUCCH (that could potentially be shared also by Rel-13 MTC UEs) can vary in general depending on the system loading, introduction of such offsets may incur additional signaling or UE complexity due to variable indexing of the NBs in the system without clear benefits. 

The exact set of configured (available) narrowbands on the DL and UL can be signaled to the UE using the MTC SIBs. Note that it was agreed at the RAN1 #80bis meeting that the narrowband location carrying the MTC SIB1 is indicated to the UE using a combination that may include indication in the MIB, pre-defined rules, and as a function of the PCID. Further, DL and UL narrowbands may be signaled independent of each other for FDD systems as loading conditions and resource availability may in general be different on the DL and the UL, and unlike TDD deployments wherein different DL-UL configurations are available, there is little room to adjust for the resource partitioning between DL and UL for FDD deployments.

Proposal 2:
· The available DL and UL MTC narrowbands can be signaled to the UE using the MTC SIBs.
· The DL and UL MTC narrowbands may be signaled independent of each other for FDD deployments.
3 Time Domain configuration of MTC resources

In the time-domain, all available DL/UL subframes may not be made available for MTC operations. Accordingly, we illustrate one such example in Fig. 1 below. The LC MTC UE may receive the DL signal/data or transmit the UL signal/data within the MTC occasion (e.g. in some subframes, there may be no data thus it can be empty). Therefore, MTC occasion could play a role to define the potential region for DL/UL scheduling. Thus, the configuration can contain at least periodicity and/or subframe offset for MTC region. The subframes for MTC purpose can be repeated either in consecutive subframes or in non-consecutive subframes for FDD, TDD, and HD-FDD or it can be defined in consecutive available DL subframes for TDD or HD-FDD within each MTC occasion. 
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Fig. 1. An example of signaling the MTC resources in the time domain
Note that a bitmap may be further defined for the subframe index allocated for MTC region. In particular, this bitmap can be defined within the MTC occasion to define the non-valid subframes in which a UE may not expect transmission of at least unicast M-PDCCH and PDSCH.
Proposal 3:
· Available MTC resources in time domain may be indicated using a combination of a bitmap-based signaling, together with configurations for MTC occasion and periodicity.
4 Frequency hopping for physical channels
As mentioned in the Introduction, different frequency hopping options have been identified and different choices may be applicable for different physical channels; for instance frequency hopping pattern for MTC SIB and that for PDSCH unicast. The primary factors include the scheduling or signaling mechanism and overhead, the type of the transmission – broadcast vs. unicast, the target EC levels and number of repetitions – whether a UE-specific EC level is targeted or the UE in worst coverage is targeted. 

While hopping between configured narrowbands can be supported, for certain physical channels more efficient signaling mechanism may be to define the narrowbands in the logical domain as “virtual narrowbands” such that frequency hopping is implicitly considered in the narrowband definition. This can be considered as a realization of Alt 1 such that a common value of the frequency hopping granularity YCH is used.

Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account. Thus, the virtual narrowband can be further divided into N physical narrowbands that are non-overlapping in time and frequency. Here, N denotes the level of frequency hopping applied. Especially considering application of frequency hopping of common control messages like MTC SIBs, it may be simple to assign these transmissions to logically defined virtual narrowbands that implicitly incorporate frequency hopping. Accordingly, additional configuration of the frequency hopping pattern can be avoided which can be beneficial considering the need to minimize resource allocation related signaling especially for MTC SIBs. Note that such a scheme can be seen as consistent with “Case 2” identified as part of the PDSCH scheduling options wherein the UE may assume the scheduling of PDSCH on a known narrowband.
It has been proposed to consider a variable frequency hopping granularity YCH (Alt. 3) that is a function of the total number of repetitions and the number of frequency narrowbands on which the hopping occurs with a maximum of one-hop per narrowband. Such a mechanism can help limit the number of retuning instances needed during the set of repetitions of the physical channel. While such a mechanism may be appropriate in realizing the frequency diversity gains for small coverage enhancements (i.e., “shallow EC”), for the case of large coverage enhancement requirements with a large number of repetitions, care should be taken to define the hopping granularity such that the repeated transmissions experience sufficient frequency diversity fast enough to actually benefit from the diversity gain. For instance, assuming two frequency hopping narrowbands and a YCH value that is defined as R/2 where R is the number of repetitions, then a UE has to wait for the first R/2 repetitions to experience any benefits from frequency diversity. Thus, the effectiveness of frequency diversity in reducing the number of repetitions can be significantly compromised. For such cases, it may be more appropriate to consider either Alt. 2 or Alt. 3 without the restriction of limiting the number of hops per narrowband. In fact, removal or even relaxation of the constraint on number of hops per narrowband can result in similar effects from both Alt. 2 and Alt. 3. 
Observation 1:
· Different definitions of the frequency hopping patterns may be optimal for different physical channels depending on factors like target receivers, target EC level and number of repetitions, signaling overhead considerations, etc.
· For transmission of common control messages, an approach based on Alt. 1 wherein the DL and UL MTC narrowbands are defined in the logical domain as “virtual narrowbands” such that frequency hopping is implicitly considered in the narrowband definition, may be more appropriate. 

· Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account.
· Application of frequency hopping according to Alt. 3 with the constraint of a maximum of one-hop per narrowband may be suitable only for small enhanced coverage levels or when sufficiently large number of narrowbands are available in order to benefit from the frequency diversity in reducing the number of repetitions.
5 Dynamic frequency selective scheduling for PDSCH

In the previous Section we considered an example of the “Case 2” identified as a form of PDSCH scheduling wherein the UE may assume that the PDSCH is scheduled on a known narrowband. Hence, for this case, the UE may initiate the retuning process at the boundary of frequency hopping to receive PDSCH without having to obtain this information from the DCI transmitted using the M-PDCCH. However, this scheme can be seen as a frequency diversity scheme in contrast to a frequency selective scheduling scheme that is defined by “Case 1”.  

For Case 1, the eNodeB can dynamically indicate the frequency location for a PDSCH transmission that may be different from the scheduling M-PDCCH. Thus, as explained in [2], for this case, a UE would be required to decode the M-PDCCH and obtain the knowledge of the narrowband to retune to for PDSCH reception. Hence, unlike the case of PDSCH on the same narrowband as the scheduling M-PDCCH or on a known narrowband, the UE may not be able to buffer the PDSCH and decode it in a pipe-line manner following the decoding of the M-PDCCH. Instead, it would require to decode the M-PDCCH first, determine the narrowband to and retune to the corresponding narrowband, all in time to receive the PDSCH. Hence, for a k value of 2, implementation of fast receiver processing would be necessary, thereby increasing the UE complexity. 

To provide sufficient time for the UE to decode the M-PDCCH, and assuming a short UE retuning time that is much smaller than a subframe, k = 3 may be considered for the time-gap between the scheduling M-PDCCH and the associated PDSCH transmission. However, this implies that now there would be insufficient time-budget for the decoding of the PDSCH transport block itself so as to prepare the HARQ-ACK feedback on the UL in (n+4)th subframe as per current specifications for FDD systems. Hence, as observed in the previous set of agreements at RAN1 #81 meeting, the RTT value would also need to be extended so as to provide sufficient time for the PDSCH decoding and HARQ-ACK processing. To address this, one option could be to consider a time-gap of 4 subframes between the PDSCH subframe and the subframe for HARQ-ACK transmission on the UL similar to DL HARQ timing proposed for HD-FDD UEs (see following section). With this new time-gap between the PDSCH and the DL HARQ transmission, the UE would have 3 ms time to process the PDSCH and generate the feedback, and the remaining 1 ms can be used to accommodate any timing advance (TA) needed for the UL transmissions (note: maximum value of TA = ~700us assuming a 100 km maximum cell radius for LTE systems). Further note that such a timing relationship may be applied also for dynamic frequency selective scheduling for the case of small coverage enhancements in case the latter case is agreed for dynamic frequency selective scheduling.
Proposal 4:

· For dynamic frequency selective scheduling of PDSCH, the M-PDCCH in subframe ‘n’ schedules a PDSCH in subframe ‘n+3’ and the HARQ-ACK corresponding to the PDSCH transmission is due in UL subframe ‘n+7’. 
6 DL HARQ timing for HD-FDD UEs
For FD-FDD UEs, the currently specified DL HARQ timing and UE behavior can be applied for the case of PDSCH scheduled by M-PDCCH with cross-subframe scheduling with modification that the timing relationship (time gap of 4ms for FDD) is defined between the last subframe of the PDSCH transmission and the first subframe of the HARQ-ACK transmission on the UL. However, for HD-FDD UEs, when cross-subframe scheduling using EPDCCH is employed for HD-FDD UEs, HARQ timing relationship for the support of HD-FDD operation needs to be updated.
Three alternatives for the HARQ timing are described next. 
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Fig. 2. Alt. 1: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation

Fig. 2 illustrates one example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. Here, it can be seen that for HARQ process #0, EPDCCH is transmitted in SF#0 and corresponding PDSCH is transmitted in SF#1. ACK/NACK feedback is transmitted in SF#4 either on PUCCH or PUSCH. If NACK is received by eNB, EPDCCH which is used to schedule the retransmission can be transmitted in SF#8 while the corresponding PDSCH retransmission is transmitted in SF#9. The design principle can be applied for HARQ process #1. Note that in the Fig. 2, 1ms Tx/Rx switching gap time is inserted in SF#3 and SF#6 or SF#7. 

According to the design principle, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 2.
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Fig. 3. Alt. 2: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation
Fig. 3 illustrates another example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. In the Figure 2, the gap between initial transmission and ACK/NACK feedback is same as the one as shown in the Fig. 2. However, the gap between the ACK/NACK feedback and EPDCCH used to schedule the PDSCH is 2ms. This can help to reduce the HARQ round trip time (RTT) from 9ms from the above example to 8ms. 

Similarly, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 2.
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Fig. 4. Alt. 3: HARQ procedure for EDPCCH with cross-subframe scheduling for HD-FDD operation

Fig. 4 illustrates another example of HARQ procedure for EPDCCH with cross-subframe scheduling for the support of HD-FDD operation. In this figure, the gap between EPDCCH used to schedule the initial transmission and ACK/NACK feedback is 5ms. Further, the gap between the ACK/NACK feedback and EPDCCH used to schedule the retransmission is 4ms. This indicates that the HARQ RTT in this example is 9ms. 

It should be noted that in this example, the maximum number of HARQ processes for EPDCCH with cross-subframe scheduling can be defined as 3. 
Similar to the case of FD-FDD UEs, Alt. 3 can be seen as essentially equivalent to the existing timing relationship for DL HARQ with the modification that the time gaps of 4ms are defined between the subframe carrying the PDSCH (instead of the EPDCCH) in the DL and the subframe carrying ACK/NACK in the UL and between the ACK/NACK in the UL and the EPDCCH scheduling the retransmission in the DL. Note that the same mechanism can be applied even in enhanced coverage with repetitions with the timing relationships being defined between the last subframe of the previous transmission and the first subframe of the corresponding “response”.

Proposal 5:
· For FD-FDD and HD-FDD MTC UEs with cross-subframe scheduling, a time gap between the last subframe of the scheduled PDSCH and the first subframe of the HARQ-ACK transmission of 4 subframes is maintained. Similarly, a time gap of 4 subframes between the last subframe of the HARQ-ACK feedback and the first subframe of the EPDCCH used to schedule the retransmission is sufficient. 
When repetition is applied for data and control physical channels, careful consideration is needed with regard to the M-PDCCH scheduling. As HARQ operation is supported for both DL and UL transmission, potential issues may arise when multiple PDSCH transmissions are scheduled for a MTC UE in enhanced coverage mode during the transmission of bundled M-PDCCH and PDSCH. In this case, multiple PUCCH transmissions for ACK/NACK feedbacks corresponding to different PDSCHs may overlap in the same subframe. Fig. 5 illustrates the potential PUCCH overlaps when multiple PDSCH transmissions are scheduled. This would not be desirable due to Cubic Metric (CM) increase, which would be critical for low cost MTC devices especially in the enhanced coverage mode with link budget limit. To address this issue, one potential solution is to prohibit the eNB from scheduling multiple M-PDCCHs for a MTC UE in enhanced coverage mode during the transmission of bundled M-PDCCH and PDSCH. Similarly, for UL transmission, next PUSCH opportunity should be defined after the transmission of repeated PUSCH to avoid the simultaneous transmission of multiple PUSCHs in one subframe. 

[image: image8.png]UE

Overlapping

PDCCH bundle

PDSCH bundle

PUCCH bundle




Fig. 5. Potential PUCCH overlapping for multiple M-PDCCH scheduling

Proposal 6:
· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for the same MTC UE in enhanced coverage.
7 Measurement Gaps for LC MTC UEs
Compared to a legacy UE with wideband RF and baseband support, for UEs with reduced BW support additional mechanisms need to be defined to support various measurements and monitoring on parts of the system BW that may be different from the MTC narrowband that the LC MTC UE is expected to monitor for M-PDCCH transmissions. These 

Some of the possible measurement gaps that need to be defined for LC MTC UEs include:

1. Measurement gaps for intra-frequency neighbour cell measurements: The LC MTC UE may need to retune to the central narrowband location to acquire synchronization and system information (PSS/SSS/PBCH) of neighboring cells as part of mobility management procedures.

2. Measurement gaps for subband-based CSI measurements: As discussed in [3], measurement gaps may need to be defined to support UE measurements for subband-based CSI feedback in order to facilitate frequency-selective scheduling at least in normal coverage.

3. Measurement gaps for receiving common control messages like MTC SIBs and paging occasions: The LC MTC UE may need to use measurement gaps to retune to the different narrowbands within the system BW to receive the these common control messages.

Observation 2:

· Measurement gaps, in addition to the currently defined inter-frequency measurement gaps, for intra-frequency and intra-system BW measurements and monitoring need to be defined for LC MTC UEs with reduced BW support. 

Proposal 7:

· RAN1 to further study, in collaboration with RAN2 and RAN4 WGs, on the need for defining additional intra-frequency measurement gaps for LC MTC UEs with reduced BW support to facilitate RRM and CSI measurements and reception of MTC SIBs or monitoring for paging messages.
8 Conclusion

In this contribution, we provided our views on the remaining details of narrowband operation for LC MTC with reduced BW support and on the remaining details on time-frequency relationships for physical channels for MTC devices. Based on the discussion presented, we summarize our views through the following observation and proposals:
Observation 1:
· Different definitions of the frequency hopping patterns may be optimal for different physical channels depending on factors like target receivers, target EC level and number of repetitions, signaling overhead considerations, etc.
· For transmission of common control messages, an approach based on Alt. 1 wherein the DL and UL MTC narrowbands are defined in the logical domain as “virtual narrowbands” such that frequency hopping is implicitly considered in the narrowband definition, may be more appropriate. 

· Specifically, the narrowband is defined such that it occupies a certain set of contiguous 6 PRBs for a certain number of subframes or radio frames and then switches to another set of contiguous 6 PRBs within the larger system BW, with the retuning time for such carrier frequency switching being taken into account.
· Application of frequency hopping according to Alt. 3 with the constraint of a maximum of one-hop per narrowband may be suitable only for small enhanced coverage levels or when sufficiently large number of narrowbands are available in order to benefit from the frequency diversity in reducing the number of repetitions.
Observation 2:

· Measurement gaps, in addition to the currently defined inter-frequency measurement gaps, for intra-frequency and intra-system BW measurements and monitoring need to be defined for LC MTC UEs with reduced BW support. 

Proposal 1:

· The residual PRBs that do not belong to any 6-PRB narrowband are located at the center of the system BW with the 6-PRB narrowbands defined symmetrically about the central residual PRBs. 

· The number of residual PRBs depend on the system BW and are as listed in Table 1.

· The 6-PRB-long NBs can be indexed starting from one edge of the system bandwidth and either increasing with frequency or in a mirrored fashion about the set of central residual PRBs.

Proposal 2:

· The available DL and UL MTC narrowbands can be signaled to the UE using the MTC SIBs.

· The DL and UL MTC narrowbands may be signaled independent of each other for FDD deployments.

Proposal 3:

· Available MTC resources in time domain may be indicated using a combination of a bitmap-based signaling, together with configurations for MTC occasion and periodicity.
Proposal 4:

· For dynamic frequency selective scheduling of PDSCH, the M-PDCCH in subframe ‘n’ schedules a PDSCH in subframe ‘n+3’ and the HARQ-ACK corresponding to the PDSCH transmission is due in UL subframe ‘n+7’. 
Proposal 5:

· For FD-FDD and HD-FDD MTC UEs with cross-subframe scheduling, a time gap between the last subframe of the scheduled PDSCH and the first subframe of the HARQ-ACK transmission of 4 subframes is maintained. Similarly, a time gap of 4 subframes between the last subframe of the HARQ-ACK feedback and the first subframe of the EPDCCH used to schedule the retransmission is sufficient. 

Proposal 6:
· The eNB shall not schedule PDSCH/PUSCH in the same subframe when another PDSCH/PUSCH is being transmitted for the same MTC UE in enhanced coverage.
Proposal 7:

· RAN1 to further study, in collaboration with RAN2 and RAN4 WGs, on the need for defining additional intra-frequency measurement gaps for LC MTC UEs with reduced BW support to facilitate RRM and CSI measurements and reception of MTC SIBs or monitoring for paging messages.
References
[1] Chairman’s notes, RAN1 #81, Fukuoka, Japan, May 2015.
[2] R1-153082, “Issues with dynamically allocating the PDSCH narrowband region for MTC via DCI,” Sony, RAN1 #81, Fukuoka, Japan, May 2015.

[3] R1-153998, “On CSI measurements and UCI feedback for MTC,” Intel Corporation, RAN1 #82, Beijing, China, August 2015.

PAGE  
7/10

SF#0

SF#2
SF#3
SF#4
SF#5
SF#6
UL
SF#0
SF#1
SF#2
SF#3
SF#4
SF#5
SF#6
SF#7

SF#1
SF#7

SF#9

SF#8
SF#8
SF#9
DL
HARQ Process #0
HARQ Process #1
PDSCH
EPDCCH
Tx/Rx switching gap
ACK/NACK



SF#0

SF#3
SF#4
SF#5
SF#6
SF#7
UL
SF#0
SF#1
SF#2
SF#3
SF#4
SF#5
SF#6
SF#7

SF#1
SF#9

SF#1

SF#0
SF#8
SF#9
SF#0
DL
HARQ Process #0
HARQ Process #1
PDSCH
EPDCCH
Tx/Rx switching gap
ACK/NACK
SF#8
SF#1


SF#2
HARQ Process #2



SF#0

SF#2
SF#3
SF#4
SF#5
SF#6
SF#7
UL
SF#0
SF#1
SF#2
SF#3
SF#4
SF#5
SF#6
SF#7

SF#1
SF#8

SF#0

SF#9
SF#8
SF#9
SF#0
DL
HARQ Process #0
HARQ Process #1
PDSCH
EPDCCH
Tx/Rx switching gap
ACK/NACK



