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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90e [1], a new WID on NR coverage enhancement was approved for Release 17, with PUSCH coverage enhancement as below,
	Agreement:
· Specification of PUSCH enhancements
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots.


The main motivation of promoting a TB over multi-slot is to obtain the channel coding gain by aggregating small packets among multiple slots where observations of performance gains are captured in [2]. Beside aforementioned TBS calculation based on multiple slots and transmitted over multiple slots, from the discussion in [2], more aspects for TB processing over multi-slot PUSCH can be studied, such as time domain resource allocation (TDRA), RV determination and collision with other signals, etc. Furthermore, for one TB transmitted over multi-slots, whether power consistency, phase continuity and enhancements for DM-RS configurations are required can be similar with the joint channel estimation enabling item. Thus, in this contribution, we discussed several issues on the TBS calculation, time domain resource allocation, collision with other channels or physical signal and determination of DMRS positions. 
2. Discussion 
2.1 TBS calculation based on multiple slot
Currently, TBS calculation is based on the number of resource elements which carries UL-SCH data within one slot. The overhead of reference signals is excluded. Thus, a similar mechanism can be used for the TBS calculation of multi-slot PUSCH with following options:
· Option1: the TBS for multi-slot TB is calculated based on the counted number of REs which carries UL-SCH data among all slots and exclude the overhead such as reference signals, unavailable resources, etc. 
· Option2: the TBS of multi-slot TB can be obtained by multiplying the number of available REs of the first slot with the number of slots for multi-slot TB. 
Comparing these two options, the option 1 achieves a more accurate TBS calculation results than option 2, because the number of available REs within each slot is counted in precision. For example, the resource preemption within each slot caused by the aperiodic SRS, PUCCH, and so on, can be considered in this option. And option 2 is simpler to calculate the TBS.
Proposal 1: The TBS calculation of multi-slot PUSCH is based on the resources of multiple slots with following options: 
Option1: Count all REs over the multiple slots which carry UL-SCH data in TBS calculation.
Option2: Multiply the number of available REs of the first slot with the number of slots for multi-slot TB.
2.2 Time domain resource allocation
Considering the same scenario that one TB is transmitted over multiple slots, the time domain resource allocation (TDRA) for TB over multi-slot PUSCH can refer to current mechanism of resource allocation of PUSCH repetition type A or type B, which can be called as repetition type A like or type B like TDRA for multi-slot TB, respectively. 
· For the repetition type A like TDRA of multi-slot PUSCH, the same resource allocation is expected for each slot. In other words, the occupied resources within each slot of multi-slot PUSCH is expected to have the same starting position and duration length.
· For the repetition type B like TDRA of multi-slot PUSCH, a series of consecutive symbols is allocated to the multi-slot TB, where only the valid UL symbols within these consecutive symbols are used for the multi-slot PUSCH transmission.
For both repetition type A like and type B like resource allocation, a starting symbol S and a duration length L should be indicated to UE. For repetition type A like TDRA, L consecutive symbols from the start symbol S within each slot of multi-slot PUSCH will be used in transmission. For repetition type B like TDRA, K*L consecutive symbols start from S can be allocated to the multi-slot PUSCH, where K is the number of slots the TB mapped on and this kind of allocation is better to use as many as possible available OFDM symbols for the uplink transmission, and hence better for the uplink coverage. Therefore, the repetition type B like TDRA of multi-slot PUSCH is a preferred method. 

[bookmark: OLE_LINK3]Proposal 2: The repetition type B like TDRA for TB over multi-slot PUSCH should be supported where a number of consecutive symbols after the start symbol S is allocated.

2.3 Collision mechanism for TB over multi-slot PUSCH
For TB over multiple slots, there would be chances of collisions with other signals, such as PUCCH or SRS. In current specification, if a prioritized PUCCH overlaps with a PUSCH, the PUCCH would be transmitted over the overlapping symbols and the transmission of PUSCH after the overlapping symbols will be canceled. However, if above collision mechanism for PUSCH within a slot is applied to the TB over multi-slot, probably it would lead to a large resource waste if a large number of symbols of this multi-slot PUSCH are dropped after the overlapping symbols. For example, as shown in Figure. 2.3-1, the multi-slot PUSCH consists of 40 symbols (4*10) from the start symbol S=2 and overlaps with a prioritize PUCCH. If the aforementioned current collision mechanism is reused, the transmission of PUSCH after overlapping symbols will be dropped, where more than 34 symbols will be dropped for the multi-slot PUSCH. Thus, resolution mechanism of collisions between signals (e.g. PUCCH) with PUSCH in current specification should be further improved before this mechanism is applied to TB over multi-slot PUSCH. Otherwise, a lot of uplink resources of multi-slot PUSCH (as shown in figure 2.3-1) will be dropped, which would degrade the coverage performance of PUSCH seriously.
[image: ]
Figure. 2.3-1 the collision mechanism of multi-slot PUSCH

Proposal 3: The resolution mechanism of collisions between signals (e.g. PUCCH) with PUSCH in current specification should be further improved before it’s applied to TB over multi-slot PUSCH. 

2.4 Determination of DMRS positions
For the repetition type B like TDRA of multi-slot PUSCH where a TB could occupy more than 14 symbols, the mechanism of DMRS configuration should be reconsidered since current specification only support DMRS determination of PUSCH with a scheduled granularity of no more than  symbols. One method is to extend the PUSCH DMRS table with new rows of  symbols, where  is the number of symbols for the multi-slot PUSCH. However, it is too complicated to add new rows and discussion on specific DMRS positions for each row will be hard to converge. Following methods are provided to enable the DMRS determination based on existing table of DMRS position determination.
· Option1: DMRS position can be determined per slot maximizing the number of slots having the same DMRS pattern/position (e.g. method shown in Figure. 2.4-1). 
· Option2: DMRS position can be determined by following the same DMRS determine mechanism of PUSCH repetition type B where DMRS of each L consecutive symbols can be determined. However, in PUSCH repetition type B, a nominal repetition with L symbols would be divided into 2 segment (each segment is called as an actual repetition) and DMRS is determined per segment (e.g. method shown in Figure. 2.4-2). If a segment only consist of few symbols, this would lead to a large DMRS overhead. Thus, if joint channel estimation is enabled, the DMRS can be determined per L symbols (e.g. method shown in Figure. 2.4-3).
[image: ]
Figure. 2.4-1 Determination of DMRS position per slot
[image: ]
Figure. 2.4-2 Determination of DMRS position as PUSCH repetition type B
[image: ]
Figure. 2.4-3 Determination of DMRS position as PUSCH repetition type B in joint channel estimation
Notes: Following parameters are assumed in the determination of DMRS positions in Figure. 2.4-1, 2.4-2, 2.4-3
· ‘maxlength’=’len1’, which means each DMRS has one symbol.
· ‘dmrs-AdditionalPosition=’Pos1’, which means maximum 2 additional DMRS are allowed per DMRS determination.
· PUSCH mapping type B is assumed

In light of above discussion, we have the following proposals for DMRS determination of TB over multi-slot PUSCH:
Proposal 4：For TB over multi-slot PUSCH, DMRS position can be determined per slot or the DMRS determination mechanism of PUSCH repetition type B can be reused.
Proposal 5：If joint channel estimation is enabled for TB over multi-slot PUSCH, DMRS positions can be determined per L symbols where L is configurable.

3. Conclusions
In this contribution, we provide overview on possible RAN1 specification impact on TB over multi-slot PUSCH with following proposals:
Proposal 1: The TBS calculation of multi-slot PUSCH is based on the resources of multiple slots with following options: 
Option1: Count all REs over the multiple slots which carry UL-SCH data in TBS calculation.
Option2: Multiply the number of available REs of the first slot with the number of slots for multi-slot TB.
Proposal 2: The repetition type B like TDRA for TB over multi-slot PUSCH should be supported where a number of consecutive symbols after the start symbol S is allocated.
Proposal 3: The resolution mechanism of collisions between signals (e.g. PUCCH) with PUSCH in current specification should be further improved before it’s applied to TB over multi-slot PUSCH. 
Proposal 4：For TB over multi-slot PUSCH, DMRS position can be determined per slot or the DMRS determination mechanism of PUSCH repetition type B can be reused.
Proposal 5：If joint channel estimation is enabled for TB over multi-slot PUSCH, DMRS positions can be determined per L symbols where L is configurable.
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