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1 Introduction
PUSCH coverage enhancement (CE) had been discussed in several meetings with the following agreements achieved [1]

 REF _Ref424582593 \n \h 
[2]

 REF _Ref429769784 \n \h 
[3]:
Agreements:

· For UEs in enhanced coverage:
· Repetition/bundling of ‘physical channel(s) carrying UL data’ is supported

· Multiple repetition/bundling levels in time domain are supported
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
Agreement:

· The resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband 

· Study further the overhead, scheduling flexibility and any other aspects of the detailed RA until RAN1#82Bis

In this contribution, further considerations on PUSCH CE are provided, including resource allocation and TBS supported for CE, code bits transmission for repetition (or bundling), repetition number determination.
2 Resource allocation and TBS supported for PUSCH CE

In Rel-12, PSD boosting was proposed as one of the PUSCH CE techniques and captured in TR 36.888 as following [4]: 
“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)”.
In addition, using fewer PRBs per UE can significantly improve uplink cell capacity. Therefore, from efficient resource utilization perspective, the allocated frequency domain resource needs to be confined to 1PRB for PUSCH at least for large CE. It also has a benefit of saving DCI bits for PUSCH resource allocation within a narrowband for large CE, since only 3 bits are needed to indicate 1 PRB within 6 PRBs. Other aspects of resource allocation for PUSCH can be referred to [5].
Proposal 1: Only 1 PRB is allocated for PUSCH repetition at least for large CE.
TR 36.888 [4] describes the traffic model for smart metering applications. According to the description, the UL packet size is about 100 bytes. The maximum 15dB relative LTE CE is targeted for some MTC UEs which are deployed in challenging locations, e.g. deep inside buildings, for the typical smart metering applications. So the 100 bytes UL packet size for MTC UEs operating CE should be considered when designing PUSCH for CE.
For Rel-13 low complexity UEs, the maximum TBS for both broadcast and unicast transmission is agreed to be approximately 1000 bits, which is suitable for accommodating one UL packet. If the UL packet is segmented into multiple small TBs, it will increase the CRC and higher layer overheads. Increasing the overhead is not efficient for data transmission especially when a lot of repetitions are needed for one bit in large CE. Moreover, as is verified by the SIB simulation [6], 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. The maximum TBS up to 1000bits should be supported for PUSCH whatever the CE extent is.
Proposal 2: The maximum TBS up to 1000bits should be supported for PUSCH for all CE.
For PUSCH CE, it is reasonable to use only QPSK as in the current speciation when TTI bundling is configured. If current TBS determination mechanism for PUSCH is reused, the TBS for large CE will be limited to 144bits with 1 PRB allocated and QPSK. It can be considered to reuse the TBS determination mechanism for common messages to determine the TBS of PUSCH at least for large CE, e.g. use the second or third column of current PUSCH TBS table or format 1C TBS table with 1000 bits restriction, with no change to the actual entries of the MCS tables being needed.
3 Code bits transmission for PUSCH repetition
3.1 Options for code bits selection

When a large size TB up to 1000 bits is transmitted with 1 PRB allocated and QPSK, the coding rate in one subframe is larger than 1. However, it is possible to transmit the large size TB successfully with repetition because repetition would reduce the effective code rate in multiple subframes. For the code bits selection to be transmitted in multiple subframes (bundled subframes), there are the following two options to be compared.
· Option 1: Use of different RVs
The bits transmitted in the bundled subframes are selected using different RVs for different subframes. When a TB cannot be accommodated within one subframe, some coded bits containing information bits won’t be selected for transmission. It is illustrated in Figure 1.
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Figure 1 code bits selection using different RVs
· Option 2: Transmitting code bits of a TB across subframes for the repetitions
The bits transmitted in the bundled subframes 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. An example is shown in Figure 2. Comparing with Figure 1, the selected bits contain more information bits when a TB cannot be accommodated within one subframe.
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Figure 2 Transmitting code bits of a TB across subframes
3.2 Simulation results
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 bits containing information bits could be selected and transmitted rather than selecting more check bits.

Observation: 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.

To pursuit efficient resource utilization, transmitting code bits of a large size TB using one RV with continuous and cyclic bit selection across subframes for the repetitions should be supported for PUSCH at least for UEs operating large CE. The same code bits selection mechanism can also be used for small TBS for a simple design of large CE.

Proposal 3: Transmitting code bits of a TB using one RV with continuous and cyclic bit selection across subframes for the repetitions is used at least for PUSCH with large CE.
4 Repetition number determination
In the agreement of RAN1 #81[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.
When only 1 PRB is allocated and QPSK is used for PUSCH with large CE, 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 at least for large CE.
Proposal 5: The repetition number for PUSCH is dynamically indicated implicitly by existing field in DCI at least for large CE.
5 Conclusions
In this contribution, further considerations are given on PUSCH transmission for CE with the following observation and proposals presented:

Proposal 1: Only 1 PRB is allocated for PUSCH repetition at least for large CE.

Proposal 2: The maximum TBS up to 1000bits should be supported for PUSCH for all CE.
Proposal 3: Transmitting code bits of a TB using one RV with continuous and cyclic bit selection across subframes for the repetitions is used at least for PUSCH with large 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 at least for large CE.
Observation: 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.
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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
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