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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: _GoBack]In previous RAN#90 e-meeting, the work item description of NR coverage enhancements has been approved [1]. An objective is considered as enhancements for PUSCH repetition type A as follow:
	· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.


In this contribution, we will discuss the mechanisms for coverage enhancements on PUSCH repetition type A.
2. Maximum number of repetitions
In Rel-16, maximum number of repetitions 16 is supported for type-A PUSCH repetition. The actual number of repetitions may be less than the one configured if PUSCH occasions colliding with unavailable resources, resulting in degraded performance than expected. Generally, actual number of repetitions will be available with the increment of repetitions. Thus, the straightforward solution for better coverage performance is to increase the maximum number of repetitions. 32 repetitions was studied during SI phase [2], however there was no consensus on the maximum value. In order to assess the performance of different repetition numbers, we further evaluate the performance of different repetition values, simulation results are provided in Figure 1. The simulation assumptions are provided in Table 1 in Annex.
[image: C:\Users\Administrator\AppData\Roaming\vchat\ChatFiles\2021-01\7b344d80-56bd-4a7d-b22e-df341f32220c.bmp]
Figure 1. Performance of PUSCH repetition transmission
It is observed that there is almost 3dB BLER gain with 32 repetitions compared to 16 repetitions, and the gain increases with the number of repetitions. 
From NW perspective, some candidate numbers of repetitions with finer granularity should be considered for flexibility and efficiency. To achieve 3dB gain over  16 repetitions with double transmission resource, i.e. 32 repetitions is not cost efficient solution, especially for TDD configurations with limited UL resources. Furthermore, in scenarios where the performance gap between PUSCH with 16 repetitions and the expected one, 16 additional PUSCH repetitions will lead to doubling of delay and over-allocated UL resources. To address this issue, some candidate number of repetitions should be considered to obtain the finer granularity, e.g. 20,24,28 etc, a mechanism to dynamic or semi-static indication of number of repetitions can be considered, for example it can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.
Proposal 1: For PUSCH repetition Type-A, the maximum number of repetitions can be up to 32.
Proposal 2: For PUSCH repetition Type-A, some candidate values should be considered to obtain the finer granularity of repetitions, e.g. 20,24,28, which can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.

3. Counting on the basis of available UL slots
[bookmark: _Hlk53562223]In order to increase the actual number of repetitions, simply extending the maximum number of repetitions may not be a completely effective solution in some cases with limited UL resources, especially in TDD systems. Instead, the mechanism of counting the number of repetitions on the basis of available slots is more reasonable. The suitable number of repetitions corresponding to the expected performance is up to implementation by the network. For example, considering the unavailable resources or other uncertainties, the network may configure a larger number of nominal repetitions to reach the actual repetitions.  
In TDD systems, due to UL/DL slot configuration, UL repetition transmission may be interrupted by DL transmission on flexible symbols. Besides, PUSCH repetition may also be overridden by SFI, CI and higher priority transmissions. In these cases, the PUSCH occasion is still counted in the number of repetitions regardless of whether the PUSCH is actually transmitted. Then actual number of repetitions could be reduced. If the number of repetitions is conservative, the unavailable PUSCH occasions would cause the unsatisfactory performance, and then the retransmission is needed, which leads to latency and waste of transmission resources. However, as mentioned above, the larger number of repetitions also lead to over-allocation for PUSCH repetition. 
A straightforward solution is the postponement mechanism. If the occasion for PUSCH repetition is not available, it is not counted in the PUSCH repetition number, and the relevant repetition would be postponed. For example, dynamic SFI, CI and higher priority transmissions can lead to repetition transmission resource to be unavailable. In this case, PUSCH repetition with non-consecutive slots or on the basis of available slots can be achieved, and the performance can be guaranteed by reaching the indicated number of repetitions. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Hence, the actual number of repetitions would be equal to the indicated one by the network. The network could just need to determine the expected number of repetitions meeting the performance requirement, without considering the resource uncertainty. Thus, simpler scheduler for PUSCH repetition can be expected for NW implementation, and target PUSCH performance can be achieved.
Observation 1: The postponement mechanism is beneficial to the network implementation.
Proposal 3: For PUSCH repetition type A, the postponement mechanism is supported where counting of transmissions is on the basis of available UL slots. 

4. Enhancement on UCI multiplexing on PUSCH repetitions
In Rel-15/16, UCI multiplexing on PUSCH is supported if conditions are fulfilled. In this section, we will discuss the potential issues for UCI multiplexing in the case of PUSCH repetitions.
In current specification, UE does not expect to detect a DCI, indicating a PUCCH resource for HARQ-ACK in a later slot, if UE detects a DCI scheduling a PUSCH transmission in a previous slot and the HARQ-ACK information be multiplexed on the PUSCH transmission. When the number of repetitions is high, the repetition transmission would occupy lots of UL transmission resource, especially in TDD systems where the UL transmission resources is limited. In this case, if there is an UCI carrying HARQ-ACK feedback, as shown in Figure 2, HARQ-ACK would have to wait until PUSCH repetitions have been finished. With the restrictions on PDSCH scheduling, latency-sensitive services could not work well. 


Figure 2. Example of PDSCH scheduling restriction when PUSCH repetitions is scheduled
To overcome this drawback, the above timeline restriction can be removed to facilitate DL scheduling and HARQ-ACK feedback. However, it will lead to a more stringent timeline for UCI multiplexing on PUSCH repetitions. Instead of mapping the PUSCH to transmission occasion in rate matching manner, a looser timeline can be achieved if the UCI is mapped to the PUSCH occasion by puncturing some PUSCH symbols, since UE does not need to regenerate baseband signal of all symbols in the PUSCH resource.
Proposal 4: HARQ-ACK multiplexing on PUSCH repetitions can be allowed if HARQ-ACK for the scheduling DCI comes after the UL grant of the PUSCH repetition transmission. 
-  The HARQ-ACK could be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.

5. Conclusion
In this contribution, we discuss the potential solutions for PUSCH coverage enhancement, and have the following observations and proposals: 
Observation 1: The postponement mechanism is beneficial to the network implementation.  
Proposal 1: For PUSCH repetition Type-A, the maximum number of repetitions can be up to 32.
Proposal 2: For PUSCH repetition Type-A, some candidate values should be considered to obtain the finer granularity of repetitions, e.g. 20,24,28, which can be indicated in higher layer signaling or in TDRA table for Type-A PUSCH repetition.
Proposal 3: For PUSCH repetition type A, the postponement mechanism is supported where counting of transmissions is on the basis of available UL slots.
Proposal 4: HARQ-ACK multiplexing on PUSCH repetitions can be allowed if HARQ-ACK for the scheduling DCI comes after the UL grant of the PUSCH repetition transmission. 
-  The HARQ-ACK could be mapped to the PUSCH resource by puncturing some symbols in the PUSCH occasion.
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Annex
[bookmark: _Ref40286490]Table 1. Link-level simulation assumptions for PUSCH repetition transmission
	Parameters
	Value 

	Carrier frequency
	4 GHz

	Waveform
	CP-OFDM

	Simulation bandwidth
	20 MHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Doppler
	100Hz

	Subcarrier spacing
	30 kHz

	Antenna configuration
	1T,2R

	Channel estimation
	Real MMSE

	Channel coding scheme
	LDPC

	MCS
	MCS9: QPSK, 679/1024

	Repetitions
	K= 8,16,20,24,28,32

	Data allocation
	12 RBs allocated, 14 symbols with 3 DMRS

	DMRS configuration
	Type 1, single symbol
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