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1 Introduction

Coverage enhancement (CE) techniques for PUSCH were evaluated in RAN1#80 with the following observations achieved [1]:
Observations:

· In some cases, the results have a higher than expected variation. This may be due to the differences in residual frequency offset (0-100Hz) which companies assumed and/or due to the difference in symbol timing (some companies had perfect symbol timing others used realistic symbol timing).

· Cross SF channel estimation averaging is the most effective method to reduce the number of PUSCH repeats necessary.
· For 18dB gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DM-RS had no effect.

· The simulation results for the sub-PRB narrow band method are inconsistent but in general at low SINRS, the results show only a margin decrease in the number of PUSCH repeats necessary.

· The simulation results show that frequency hopping within 6PRB is not effective method to reduce PUSCH repeats.

· 5 of 6 companies’ results show that frequency hopping at low SINRs over 50 PRBs can reduce the number of PUSCH repeats.
Further, the following agreements were also concluded [1][2]:
Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

Agreements:

· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· Note: the configuration can be explicit or implicit

· FFS: Use of different RVs or transmitting code bits of a TB across subframes for the repetitions

· Note: any previous agreements on RV still hold

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions
In this contribution, based on the progress made previously, further considerations on PUSCH for MTC and CE are provided. 

2 Narrowband location
In current LTE system, the PUSCH transmission for Msg3 is scheduled by 20 bits UL grant in RAR [3] or DCI with the CRC scrambled by Temporary C-RNTI for the retransmission. When RRC connection is established, the resource allocation of PUSCH transmission is indicated via DCI in physical DL control channel.

For MTC UEs, the resource allocation (including the indication of narrowband location) of initial PUSCH transmission for Msg3 can also be indicated in RAR carried by M-PDCCH DCI or PDSCH. However, considering significant repetition overhead of RAR transmission and potential RAR capacity shortage to operate CE, simplifying UL grant in RAR can be considered to reduce the message size of RAR. As one way, the initial narrowband of PUSCH transmission for Msg3 can be the same as that of PRACH transmission or can be derived from the narrowband of RAR and default TX-RX frequency separation. Thus, the UL grant size in RAR can be reduced. This doesn’t preclude predefined frequency hopping of Msg3 transmission. For example, when frequency hopping is applied to operate CE, the initial narrowband is the start narrow band of the frequency hopping pattern, and Msg3 transmission is according to a frequency hopping pattern indicated in RAR from some broadcast patterns [4]. To reduce the DCI size, the narrow band for PUSCH retransmission for Msg3 can be the same with the initial narrowband or determined by the predefined frequency hopping.
Proposal 1: The initial narrowband of PUSCH transmission for Msg3 can be derived from that of PRACH transmission or default TX-RX frequency separation.

For PUSCH transmission after RRC connection, the narrowband of PUSCH transmission can be indicated via DCI in physical DL control channel. Similarly, to make compact DCI, the initial narrowband of PUSCH transmission can be derived from default TX-RX frequency separation. This also doesn’t preclude predefined frequency hopping of PUSCH transmission. 
Proposal 2: After RRC connection, the initial narrowband of PUSCH transmission can be derived from default TX-RX frequency separation.
3 Multiple subframe channel estimation and frequency hopping
As agreed in the RAN1#80 meeting [1], channel estimation across multiple subframes and frequency hopping over system bandwidth are supported to improve PUSCH performance especially for UEs operating CE.

However, to perform multiple subframe channel estimation, it requires the narrowband location be the same on these subframes for cross-subframe channel estimation, which has to be balanced with the requirement of PUSCH frequency hopping. Thus, a tradeoff between the length of cross-subframe channel estimation and the granularity of frequency hopping should be considered. Detail of frequency hopping granularity determination is discussed in [5]. Moreover, if a narrow-RF UE implementation is used, time for RF frequency retuning must be reserved for PUSCH frequency hopping. How much time is FFS in RAN4. The hopping period should also need to consider the performance gain, UE’s implementation complexity and power consumption. The frequency separation at each frequency hopping should also need to be defined.

It was agreed that the network can enable or disable the PUSCH hopping for UEs operating CE [1]. In current specification, one bit frequency hopping flag in UL grant is used to enable/disable PUSCH hopping [3][6]. As a result, the network can reuse the field of frequency hopping flag to enable/disable PUSCH hopping.

Proposal 3: The network can reuse the field of frequency hopping flag in UL grant to enable/disable PUSCH hopping for UEs operating CE.
4 Repetition level and repetition number
In the agreement of the last meeting [2], it is said “For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers”, and then in a sub-bullet “The dynamic signaling is via: Option 2: A new field in DCI dedicated to provide the number of repetitions”. It needs to be clarified whether the repetition level or the repetition number is dynamically indicated.
When a UE is operating CE with limited mobility, the channel condition would not change dramatically in dynamic manner. So the repetition level could be determined semi-statically. For example, the repetition level of Msg3 during initial random access is set according to the repetition level of last PRACH transmission [7]. After the initial random access procedure, the repetition level is configured by RRC signaling.
For PUSCH per repetition level, there is a need of a set of repetition numbers to be configured by higher layers. The higher layer configuration can be explicit. The repetition number actually required in a repetition level to meet 10% iBLER depends on other factors such as TBS, frequency hopping on/off, bandwidth (maybe relevant to frequency hopping gain), allocated number of PRBs, which should be changed dynamically based on the set. It should be the repetition number for PUSCH to be dynamically indicated based on a set of values configured by higher layers for CE.
Proposal 4: Clarify that it is the repetition number for PUSCH to be dynamically indicated based on a set of values configured by higher layers per repetition level for UEs operating CE.
In Rel-12, PSD boosting was proposed as one of the PUSCH CE techniques and captured in TR 36.888 as following: PSD boosting (e.g., by allocating 1 PRB instead of 2 PRBs or by using fewer than 12 subcarriers in each PRB) may further reduce the number of repetitions (initial evaluation results show about 20% ~ 30% repetition can be saved by using 1 PRB than 2 PRBs) [8]. In addition, using fewer PRBs can significantly improve uplink cell capacity. Therefore, for PUSCH in enhanced coverage, it is very possible to always apply 1 PRB and QPSK modulation. Then, the factors related to the required number of repetitions in a repetition level are left to be TBS, bandwidth and on/off of frequency hopping. There are existing DCI fields “modulation and coding scheme” to determine TBS and “frequency hopping flag” to enable/disable PUSCH hopping, and bandwidth is configured in MIB. Since all the factors could be obtained by existing field, it is not necessary to introduce a new field in DCI dedicated to provide the number of repetitions.
Proposal 5: The repetition number for PUSCH is dynamically indicated implicitly by existing field in DCI.
5 Increasing DM-RS density
As described in the agreed observation [1], increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repetition. 
· For 18dB gain and SF ave of 1 and 4, 7 of 8 companies’ results shows that increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DM-RS had no effect.

Therefore, increasing DM-RS density should be supported especially for large CE. Further, considering the UL subframes for PUSCH transmission may be non-consecutive in TDD, the number of effective UL subframes for cross subframe channel estimation may be limited due to the restriction of coherence time, which may lead to some performance degradation on multiple subframe channel estimation. From this point of view, it is also beneficial to increase DM-RS density to improve performance of multiple channel estimation. Furthermore, the additional specification work to define DM-RS density increasing would be also worthwhile for LTE-based V2X study.
To simplify the standardization design, considering large CE, the current DM-RS within one subframe can be duplicated once within the same subframe.

Proposal 6: Increasing DM-RS density should be supported. This can be by duplicating the existing DM-RS once within the same subframe.
6 Code bits transmission for PUSCH repetition

According to the traffic model for smart metering applications described in 36.888 [8], the UL packet size is about 100 bytes. And for Rel-13 low complexity UEs, the maximum TBS for unicast transmission is approximately 1000 bits, which is suitable for accommodating one UL packet. As discussed above, it is very possible to apply 1 PRB and QPSK for PUSCH repetition in CE. If the UL packet is segmented into multiple small TBs to match the maximum 144 TBS, it will increase the CRC overhead and overhead appended in higher layers. Increasing the overhead is not efficient for data transmission especially when a lot of repetitions are needed for one bit in CE. In addition, as is verified by the SIB simulation [9], it is more efficient to transmit a fixed number of bits in one single TB rather than splitting them into separate smaller TBs due to more Turbo coding gain and time diversity gain. 
Observation 1: It is efficient to support large TBS up to 1000 bits when operating CE.
It is possible to transmit a large size TB up to 1000 bits using 1PRB and QPSK with repetition because repetition would reduce the effective code rate in multiple subframes. For the coded bits transmission for the repetition (bundled subframes), the following two options are to be evaluated:
Option 1: Use of different RVs: The bits transmitted in the bundle are selected using different RVs for different subframes.
Option 2: Transmitting code bits of a TB across subframes for the repetitions: The bits transmitted in the bundle are selected using one RV to determine the starting position and the selected bit number is the number of bits available for the transmission in the whole bundle. In this option, the locations of bits transmitted in different subframes of the bundle are continuous and cyclic in the circular buffer.
These two options will have different performance effect when the TB cannot be accommodated within one subframe. We compare the two options for TBS 1000 and TBS 936 (the maximum TBS below 1000 within 6 PRBs and QPSK ) to be transmitted in 1 PRB and QPSK under different CE requirement. Table 1 gives the required number of repetitions to reach 10% BLER with 4 subframes for cross subframe channel estimation and no DMRS increasing. Frequency hopping is not applied in the simulation and other simulation assumptions are shown in the Appendix. We assume 20dBm transmission power for the evaluation.
Table 1 comparison of option 1 and option 2 for TBS 1000 and TBS 936
	
	
	TBS 936
	TBS 1000

	
	
	Option 1: Use of different RVs
	Option 2: Transmitting code bits of a TB across subframes for the repetitions
	Option 1: Use of different RVs
	Option 2: Transmitting code bits of a TB across subframes for the repetitions

	Required MCL (dB)
	SNR(dB)
	Required Repetitions
	Required Repetitions
	Required Repetitions
	Required Repetitions

	143.7
	-7.3
	147
	53
	-
	58

	149.7
	-13.3
	779
	317
	-
	338

	155.7
	-19.3
	4858
	1974
	-
	2075


From the results in the table, we observe that for TBS 936 in 1PRB and QPSK, transmitting code bits of a TB across subframes for the repetitions would reduce the required number of repetitions significantly to less than a half. For TBS 1000, it may be impossible to successfully transmit a TB using different RVs even with a large number of repetitions and we cannot find the appropriate repetition number. However, when the 1000bit TB is transmitted with the coded bits selected continuously and cyclically in the repeated subframes, it could be correctly decoded with a number of repetitions. The reason of the improved performance for option 2 is that more different systematic bits could be selected and transmitted rather than selecting more check bits.
Observation 2: When a large size TB cannot be accommodated within one subframe, transmitting code bits of the TB using one RV with continuous and cyclic bit selection across subframes for the repetitions would reduce the required number of repetitions to operate CE.
Proposal 7: Transmitting code bits of a TB using one RV with continuous and cyclic bit selection across subframes for the repetitions should be support for PUSCH CE.
7 Conclusions
In this contribution, further considerations are given on PUSCH transmission from aspects of narrowband location, multiple subframe channel estimation, frequency hopping, repetition level and repetition number, increasing DMRS density, code bits transmission for repetition. The following observation and proposals are presented:

Observation 1: It is efficient to support large TBS up to 1000 bits when operating CE.
Observation 2: When a large size TB cannot be accommodated within one subframe, transmitting code bits of the TB using one RV with continuous and cyclic bit selection across subframes for the repetitions would reduce the required number of repetitions to operate CE.

Proposal 1: The initial narrowband of PUSCH transmission for Msg3 can be derived from that of PRACH transmission or default TX-RX frequency separation.

Proposal 2: After RRC connection, the initial narrowband of PUSCH transmission can be derived from default TX-RX frequency separation.

Proposal 3: The network can reuse the field of frequency hopping flag in UL grant to enable/disable PUSCH hopping for UEs operating CE.

Proposal 4: Clarify that it is the repetition number for PUSCH to be dynamically indicated based on a set of values configured by higher layers per repetition level for UEs operating CE.
Proposal 5: The repetition number for PUSCH is dynamically indicated implicitly by existing field in DCI.
Proposal 6: Increasing DM-RS density should be supported. This can be by duplicating the existing DM-RS once within the same subframe.
Proposal 7: Transmitting code bits of a TB using one RV with continuous and cyclic bit selection across subframes for the repetitions should be support for PUSCH CE.
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Appendix
PUSCH Simulation Assumptions for option 1 and 2 evaluation

	Parameter
	PUSCH

	System bandwidth
	10MHz

	Carrier frequency
	2GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	TBS
	936 or 1000

	Number of RBs
	1

	Modulation
	QPSK

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	4 SFs realistic cross-SF channel estimation

	DM-RS
	Legacy DM-RS

	Frequency hopping
	OFF

	Combination for the repetitions
	LLR(log likelihood ratio) combining after demodulation













































































