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1. Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type. In RAN1#79, the following agreement is made to define bandwidth for downlink and uplink transmission/reception [2].
	Agreement:
· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
· Send LS to RAN4 regarding retuning time
· There were two companies in RAN1 considering an implementation composed of wideband RF and narrowband baseband

· In the discussion of retuning time and multiplexing of UE, RAN4 should also discuss how to handle DC subcarrier,  duplex distance for FDD, and channel raster within each link
Agreements:
· The coverage enhancement targets for non Rel-13 low complexity UE are:

· For FDD, the target MCL is 155.7 dB.

· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].

· RAN1 has discussed the coverage enhancement targets for Rel-13 low complexity UEs and agreed to target the same MCL as for other UEs.

· This means that some channel(s) may need to be enhanced more than 15 dB.

· The target is set under the assumption that this doesn’t require significant additional work compared to targeting only up to 15 dB.

· The above targets are assuming that the maximum UE transmission power P [dBm] of the new UE power class is ≥20 dBm.

· Working assumption: If RAN4 agrees that P < 20 dBm, the target uplink MCL for the new UE power class is reduced correspondingly to 155.7 - (20 - P) dB.

· When applicable, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2

· The reference system has 10 MHz system bandwidth and no power boosting


In this contribution, we provide some technical solutions of PUCCH and PUSCH for MTC.
2. Considerations on PUCCH
During MTC discussion in Rel-12 time frame, the following working assumptions were made for UEs in enhanced coverage mode for MTC:

· No support of repetition of periodic CSI over PUCCH

· FFS: periodic CSI over PUCCH without repetition

· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK

· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g., no new format)

Regarding the above working assumptions, we do not find any major reasons not to apply Rel-12 working assumptions for Rel-13 MTC work. Thus, we propose to take Rel-12 working assumptions for Rel-13 working assumptions. 

Proposal 1. For Rel-13 coverage enhancement for MTC, the working assumptions on PUCCH from Rel-12 MTC work are kept. 

Since a low complexity UE’s UL bandwidth is also restricted to 1.4MHz, PUCCH resource and transmission mechanism may need to be changed. There are a couple of considerations to determine PUCCH resource and transmission method. First of all, impact on PUSCH resource allocation (for contiguous/non-contiguous RB allocation) for legacy UEs needs to be considered. To minimize the impact on PUSCH scheduling for legacy UEs, PUCCH resource for a low complexity UE may be placed close to PUCCH resource for legacy UEs. Secondly, the use of slot hopping within a subframe may be disabled, or at least be configurable to disable to reduce resources reserved for PUCCH and thus allow better multiplexing between PUSCH and PUCCH. However, it is desirable to retain frequency diversity. Thus, at least for PUCCH bundle transmission, subband/frequency hopping across subframe(s) can be considered. To minimize the number of subframes required to complete one PUCCH bundle transmission in consideration of frequency retuning latency, it is desirable to perform frequency hopping/subband change in a unit of multiple subframes (e.g., every radio frame) rather than in every subframe. 
Based on working assumption, there will be repeated PUCCH with HARQ-ACK/SR and PUSCH transmission from a UE. Similar to simultaneous reception in PDCCH and PDSCH in the same subframe, PUCCH and PUSCH may also be scheduled in the same subframe. Since it may be power-limited situation in enhanced coverage mode, HARQ-ACK piggy-back on PUSCH may have performance degradation for both HARQ-ACK and UE data. Hence, it is preferred that HARQ-ACK piggy-back on PUSCH is not supported. 
Proposal 2: HARQ-ACK piggy-back on PUSCH is not supported. 

Without supporting periodic CSI, aperiodic CSI reporting seems important which requires multiplexing with UE data on PUSCH. Network can handle multiplexing UE data with aperiodic CSI by setting appropriate MCS level and transmit power level. 
Proposal 3: Aperiodic CSI can be transmitted on PUSCH in the same way as that of the current specification. 
3. Considerations on PUSCH
First of all, we consider that the following Rel-12 agreements can be confirmed for Rel-13 MTC Work as we do not see major reason to revert the agreements in consideration of new capabilities of Rel-13 MTC UEs. 

Agreements: (RAN1#75)
· For UEs in enhanced coverage mode for MTC,
· Repetition of PUSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.
During RAN1#79, a couple of potential techniques to reduce the number of repetitions required for PUSCH transmission to meet a certain coverage enhancement level and some simulation assumptions for the evaluation were discussed and summarized in [3]. Among those, we evaluated some techniques and the following illustrates the simulation results. 
Table 1. Cross-SF Channel Estimation 

Required Repetition Numbers to meet the coverage gain (Gain compared to 1 SF for channel estimation) (EPA 1Hz)
	# of SFs for channel estimation
	1
	4
	8

	6dB gain
	5
	4 (20%)
	4 (20%)

	12dB gain
	25
	17 (32%)
	15 (40%)

	18dB gain
	174
	86 (51%)
	68 (61%)


Required Repetition Numbers to meet the coverage gain (Gain compared to 1 SF for channel estimation) (ETU 30Hz)
	# of SFs for channel estimation
	1
	4
	8

	6dB gain
	5
	4 (20%)
	4 (20%)

	12dB gain
	16
	13 (19%)
	14 (13%)

	18dB gain
	111
	69 (34%)
	44 (60%)


Table 2. DM-RS Density Increase (EPA 1Hz)
Required Repetition Numbers to meet the coverage gain (Gain compared to 1X RS density)
	DMRS density
	1 X
	2X

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	5 (0%)
	4 (0%)
	4 (0%)

	12dB gain
	25
	17
	15
	22 (12%)
	21 (-24%)
	15 (0%)

	18dB gain
	174
	86
	68
	136 (22%)
	134 (-56%)
	130 (-91%)


Table 3. PSD Boosting (EPA 1Hz with 1X DMRS density)

Required Repetition Numbers to meet the coverage gain (Gain compared to 12 subcarriers for transmission)
	# of subcarriers
	12
	6

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	5 (0%)
	5 (-25%)
	5 (-25%)

	12dB gain
	25
	17
	15
	25 (0%)
	17 (0%)
	15 (0%)

	18dB gain
	174
	86
	68
	176 (-1%)
	83 (3%)
	64 (6%)


	# of subcarriers
	12
	3

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	8 (-60%)
	7 (-75%)
	7 (-75%)

	12dB gain
	25
	17
	15
	27 (-8%)
	18 (-6%)
	17 (-13%)

	18dB gain
	174
	86
	68
	178 (-2%)
	85 (1%)
	64 (6%)


	# of subcarriers
	12
	1

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	19 (-280%)
	19 (-375%)
	19 (-375%)

	12dB gain
	25
	17
	15
	37 (-48%)
	27 (-59%)
	24 (-60%)

	18dB gain
	174
	86
	68
	198 (-14%)
	95 (-10%)
	73 (-7%)


Table 4. Frequency Hopping (EPA 1Hz with 1x DMRS density)

Required Repetition Numbers to meet the coverage gain (Gain compared to No Hopping)
	Hopping frequency
	No Hopping
	1

	# of SFs for channel estimation
	1
	4
	8
	1

	6dB gain
	5
	4
	4
	3 (40%)

	12dB gain
	25
	17
	15
	12 (52%)

	18dB gain
	174
	86
	68
	84 (52%)


	Hopping frequency
	No Hopping
	4

	# of SFs for channel estimation
	1
	4
	8
	1
	4

	6dB gain
	5
	4
	4
	4 (20%)
	4 (0%)

	12dB gain
	25
	17
	15
	13 (48%)
	11 (35%)

	18dB gain
	174
	86
	68
	86 (51%)
	58 (33%)


	Hopping frequency
	No Hopping
	8

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	4 (20%)
	4 (0%)
	4 (0%)

	12dB gain
	25
	17
	15
	17 (32%)
	12 (29%)
	12 (20%)

	18dB gain
	174
	86
	68
	86 (51%)
	53 (38%)
	51 (25%)


	Hopping frequency
	No Hopping
	16

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	4 (20%)
	4 (0%)
	4 (0%)

	12dB gain
	25
	17
	15
	18 (28%)
	15 (12 %)
	14 (7%)

	18dB gain
	174
	86
	68
	94 (46%)
	54 (37%)
	48 (29%)


Our observations on the results are summarized in below.
· Cross-subframe channel estimation are beneficial, though the benefit may slightly decrease in ETU 30Hz, overall cross-subframe channel estimation, assuming eNB can have good channel estimator to reduce residual error, reduces significantly the number of required repetitions. Between 4 and 8 SFs, overall 8 cross-subframe channel estimation results in better performance in both channel conditions.

· DM-RS density increase may not be useful for PUSCH repetition. Since DM-RS density lowers the number of available REs for PUSCH data transmission, the gain from channel estimation seems to be diminished by lower spectral efficiency/code rate. It is however notable that DM-RS density increase offers considerable gain with single-SF channel estimation. 
· PSD boosting or narrowband transmission results in higher repetition number, particularly if cross-subframe channel estimation is applied. 
· Frequency hopping (subband-hopping) across subframes within a bundle improves the performance considerably. To utilize cross-subframe channel estimation, it is desirable to perform frequency hopping in a unit of at least multiple subframes such as 4 or 8. The gain of frequency hopping tends to be higher if frequency hopping unit becomes smaller (e.g., frequency hopping per subframe), however, with cross-subframe channel estimation gain over multiple subframes, overall, frequency hopping in unit of 8 subframes or 16 subframes shows the best performance. 

Based on the results, our proposals on coverage enhancement for PUSCH are as follows: 

· With potentially minimal impact on specifications whereas considerable performance gain, we propose that cross-subframe channel estimation is assumed to be applied in coverage enhancement for PUSCH. 
· Based on performance gains and relatively low potential specification impacts, we propose that frequency hopping (subband-hopping) can be considered for PUSCH repetition. To minimize the impact from frequency retuning latency and also to maximize the cross-subframe channel estimation gain, the frequency hopping can occur in the unit of at least 8 subframes. 

· Both PSD boosting and DM-RS density increase may not provide sufficient gain whereas relatively high specification impacts are expected. Thus, we propose to deprioritize both techniques. However, it is notable that DM-RS density increase may offer performance gain when cross-subframe channel estimation may not be assumed (for example a case that eNB have high residual frequency error). Thus, DM-RS density increase may be further considered with low priority. 

Proposal 4: Cross-subfame channel estimation and subband hopping across subframes in a bundle are further considered with highest priority.
Proposal 5: Subband hopping in a unit of multiple subframes (e.g., 8 SF) in a bundle is considered to exploit benefits of cross-subframe channel estimation and frequency diversity.
4. Timing Relationship for PUCCH/PUSCH bundle transmission

Overall, three approaches can be considered for the starting time of PUCCH/PUSCH bundle transmission as follows.

· Start subframe of PUCCH or PUSCH bundle transmission is pre-configured. Regardless of end/start subframe of corresponding PDSCH or control channel, PUCCH or PUSCH can start only in the configured subframe(s). This approach can lead variable gap between PUCCH or PUSCH and corresponding PDSCH or control channel. 

· Start subframe of PUCCH or PUSCH bundle transmission is determined by the end subframe of corresponding PDSCH or control channel transmission. For example, PUCCH can start >= n+4th subframe where the end subframe of PDSCH bundle transmission occurred in subframe n. 

· Start subframe of PUCCH or PUSCH bundle transmission is determined by the start subframe of corresponding PDSCH or control channel transmission. The gap should be larger than the required number of repetitions for the corresponding PDSCH or control channel to avoid overlap between two different bundles. 

We think that a similar approach of timing between control channel and PDSCH can be applied for uplink transmission as well where additional processing latency needs to be considered. Thus, our preference is the second approach. 
Proposal 6: PUCCH starts in or after n+4th subframe where the corresponding PDSCH bundle transmission ends in n-th subframe.

Proposal 7: PUSCH starts in or after n+4th subframe where the corresponding control channel bundle transmission ends in n-th subframe.
In terms of subframes used for PUCCH or PUSCH bundle transmission, considerations on impacts on legacy UEs should be considered. For example, to minimize the impact on legacy UEs’ SRS/PRACH transmission, MTC UE may use shortended PUCCH and/or PUSCH if configured by higher layer in every subframe regardless of SRS transmission. Alternatively, only a subset of subframes where PUCCH or PUSCH bundle can be considered instead of allowing all uplink subframes for repetition.  
Proposal 8: Further considerations on PUCCH/PUSCH repetition to minimize the impact on legacy UEs, particularly on legacy UE’s SRS and PRACH transmission, are needed.
5. Summary and conclusions

In this paper, we discussed transmission focusing on PUCCH/PUSCH bundle for Rel-13 MTC UEs. The followings summarize our proposals.
Proposal 1. For Rel-13 coverage enhancement for MTC, the working assumptions on PUCCH from Rel-12 MTC work are kept. 

Proposal 2: HARQ-ACK piggy-back on PUSCH is not supported. 

Proposal 3: Aperiodic CSI can be transmitted on PUSCH in the same way as that of the current specification. 
Proposal 4: Cross-subfame channel estimation and subband hopping across subframes in a bundle are further considered with highest priority.
Proposal 5: Subband hopping in a unit of multiple subframes (e.g., 8 SF) in a bundle is considered to exploit benefits of cross-subframe channel estimation and frequency diversity.
Proposal 6: PUCCH starts in or after n+4th subframe where the corresponding PDSCH bundle transmission ends in n-th subframe.

Proposal 7: PUSCH starts in or after n+4th subframe where the corresponding control channel bundle transmission ends in n-th subframe.
Proposal 8: Further considerations on PUCCH/PUSCH repetition to minimize the impact on legacy UEs, particularly on legacy UE’s SRS and PRACH transmission, are needed.
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7. Appendix

Table 1. Cross-SF Channel Estimation 

Required Repetition Numbers to meet the coverage gain (Gain compared to 1 SF for channel estimation) (ETU 30Hz)
	# of SFs for channel estimation
	1
	4
	8

	6dB gain
	5
	4 (20%)
	4 (20%)

	12dB gain
	16
	13 (19%)
	14 (13%)

	18dB gain
	111
	69 (34%)
	44 (60%)


Table 2. DM-RS Density Increase (ETU 30Hz)
Required Repetition Numbers to meet the coverage gain (Gain compared to 1X RS density)

	DMRS density
	1 X
	2X

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	5 (0%)
	5 (-25%)
	5 (-25%)

	12dB gain
	16
	13
	14
	14 (13%)
	13 (0%)
	15 (-7%)

	18dB gain
	111
	69
	44
	60 (46%)
	60 (13%)
	60 (-36%)


Table 3. PSD Boosting (ETU 30Hz with 1X DMRS density)

Required Repetition Numbers to meet the coverage gain (Gain compared to 12 subcarriers for transmission)
	# of subcarriers
	12
	6

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	6 (-20%)
	5 (-25%)
	5 (-25%)

	12dB gain
	16
	13
	14
	17 (-6%)
	13 (0%)
	15 (-7%)

	18dB gain
	111
	69
	44
	70 (37%)
	43 (38%)
	43 (2%)


	# of subcarriers
	12
	3

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	8 (-60%)
	8 (-100%)
	8 (-100%)

	12dB gain
	16
	13
	14
	19 (-19%)
	16 (-24%)
	17 (-21%)

	18dB gain
	111
	69
	44
	71 (36%)
	44 (36%)
	44 (0%)


	# of subcarriers
	12
	1

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	20 (-300%)
	19 (-375%)
	21 (-425%)

	12dB gain
	16
	13
	14
	29 (-81%)
	25 (-92%)
	28 (-100%)

	18dB gain
	111
	69
	44
	83 (25%)
	53 (23%)
	53 (-20%)


Table 4. Frequency Hopping (ETU 30Hz with 1x DMRS density)

Required Repetition Numbers to meet the coverage gain (Gain compared to No Hopping)
	Hopping frequency
	No Hopping
	1

	# of SFs for channel estimation
	1
	4
	8
	1

	6dB gain
	5
	4
	4
	3 (40%)

	12dB gain
	16
	13
	14
	10 (38%)

	18dB gain
	111
	69
	44
	53 (52%)


	Hopping frequency
	No Hopping
	4

	# of SFs for channel estimation
	1
	4
	8
	1
	4

	6dB gain
	5
	4
	4
	4 (20%)
	4 (20%)

	12dB gain
	16
	13
	14
	12 (25%)
	11 (15%)

	18dB gain
	111
	69
	44
	58 (48%)
	44 (36%)


	Hopping frequency
	No Hopping
	8

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	4 (20%)
	4 (0%)
	4 (0%)

	12dB gain
	16
	13
	14
	14 (13%)
	12 (8%)
	12 (14%)

	18dB gain
	111
	69
	44
	62 (44%)
	43 (38%)
	44 (0%)


	Hopping frequency
	No Hopping
	16

	# of SFs for channel estimation
	1
	4
	8
	1
	4
	8

	6dB gain
	5
	4
	4
	4 (20%)
	4 (0%)
	4 (0%)

	12dB gain
	16
	13
	14
	16 (0%)
	13 (0%)
	14 (0%)

	18dB gain
	111
	69
	44
	65 (41%)
	42 (39%)
	44 (0%)


