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Background
At RAN1#101-e meeting [1], some of the evaluation parameters are agreed for FR1. Some of the agreed values are listed as below.

	Parameters
	Values

	carrier frequency
	Urban: 4GHz (TDD), 2.6GHz (TDD) 
Rural: 4GHz (TDD), 2.6GHz (TDD), 2GHz (FDD), 700MHz (FDD)
Rural with long distance: 700MHz (FDD), 4GHz (TDD)

	BWP size
	100MHz for 4GHz and 2.6GHz.
20MHz for 2GHz (FDD)
20MHz (optional for 10MHz) for 700MHz. (FDD)

	Frame structure
	DDDSU (S: 10D:2G:2U) only for 4GHz
DDDSUDDSUU (S: 10D:2G:2U) only for 4GHz 
DDDDDDDSUU (S: 6D:4G:4U) only for 2.6GHz
Other frame structures can be reported by companies.

	target data rate
	For eMBB,
10 Mbps/1 Mbps for DL/UL for Urban,
1 Mbps/ 100 kbps for DL/UL for Rural
30 kbps for UL is optional for Rural with long distance scenario
For VoIP,
320 bits with 20 ms interval
TBD: TBS for SIP invite message. 1500 bytes can be a starting point

	Target BLER
	PUSCH:
For eMBB, 10% iBLER, for VoIP, 2% rBLER
PUCCH:
For PUCCH format 1, 1% DTXtoACK error, 0.1% NACKtoACK error, 1% ACK miss detection probability
For PUCCH format 3, 1% BLER for ACK/NACK/SR, FFS 10 or 1% BLER for CSI

	PRBs/TBS/MCS
	Any value of PRBs, and corresponding MCS index, reported by companies will be considered in the discussion. Companies are encouraged to use 30 PRBs for 1Mbps, 4 PRBs for 100kbps, 1 PRB for 30kbps as a starting point.



Discussion
As indicated by our contribution [2], PUSCH and PUCCH are the coverage bottle neck. We provide our views on technical enhancement.
PUSCH enhancement
The PUSCH performance can be improved by lowering the coding rate. On the other hand, given that the target data rate is set to 1 Mbps for urban scenario, extremely lower coding rate (e.g., MCS 0 for URLLC table) cannot be applicable for some deployment scenario. For example, for 20 MHz FDD case with 15 kHz SCS, 1 Mbps data rate cannot be achieved by MCS 0 of URLLC MCS table with 51 RB allocation. Thus, just lowering the MCS doesn’t meet the performance target. Also, increasing the number of repetitions doesn’t satisfy the requirement.
We can consider several options for coverage enhancement for PUSCH. For example, the coverage can be improved by 
1) channel estimation enhancement
2) exploiting time/frequency/spatial domain diversity

Channel estimation enhancement
Channel estimation accuracy is one of the key metrics for PUSCH decoding performance. Increasing number of DMRS samples in time/frequency domain in a slot may not provide performance improvement since it causes higher coding rate for the transport block. Considering the potential utilization of repetition technique (repetition type A/B), inter-slot joint channel estimation would provide better channel estimation without increased overhead.
Figure 1 shows PUSCH BLER performance comparison of inter-slot joint channel estimation. In the figure, N indicates the number of PUSCH repetitions. If the number of repetitions is 4, about 1.5 dB performance improvement is observed in the target BLER of 0.1. Evaluation assumption is shown in our companion contribution [2].
Proposal 1: Study channel estimation enhancement such as inter-slot joint channel estimation.

Figure 1: PUSCH BLER performance comparison
Increased time/frequency/spatial domain diversity
Time domain diversity such as TB interleaving can also improve the BLER performance. In LTE uplink, time-first mapping of coded bits by channel interleaver was adopted for time-domain diversity for DFT-s-OFDM. However, as in [2], target TBS is smaller than the maximum code block size (1032 bits for 700 MHz and 2536 bits for UL slots). Thus, without time-domain diversity technique, the code block spans the whole-time resource. We think the introduction of time-domain diversity for this SI doesn’t make performance improvement.
At the last meeting, some companies [3, 4] mention the gain of enhanced frequency hopping (i.e., more than two hops). In this SI, we should study and identify the gain of the enhanced frequency hopping.
Proposal 2: Study and identify the gain of the frequency hopping with more than two hops.
In Rel-15 NR, spatial domain diversity was not adopted for PUSCH transmission. Spatial domain diversity such as STBC/SFBC, time/frequency domain precoder cycling can be studied.
Proposal 3: Study STBC/SFBC, or time/frequency domain precoder cycling.
Enhancement on msg 3 PUSCH
As evaluated in [2], msg3 PUSCH is also identified as a bottleneck. Thus, coverage enhancement for msg 3 PUSCH should be considered. 
Proposal 4: Study coverage enhancement for msg 3 PUSCH.
Conclusion
In this contribution, we have the following proposals:
Proposal 1: Study channel estimation enhancement such as inter-slot joint channel estimation.
Proposal 2: Study and identify the gain of the frequency hopping with more than two hops.
Proposal 3: Study STBC/SFBC, or time/frequency domain precoder cycling.
Proposal 4: Study coverage enhancement for msg 3 PUSCH.
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