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Introduction
A work items on NR coverage enhancement was approved [1]. One of objectives of this work item is PUSCH enhancements such as
· Specify the following mechanisms for enhancements on PUSCH repetition Type A
· Increasing the maximum number of repetitions up to a number of determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH
· TBS determined based on multiple slots and transmitted over multiple slots.
· Specify mechanism(s) to enable joint channel estimation
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation
This document provides our view on TB processing over multi-slot PUSCH (TBoMS).
Discussion
Time domain resource of TBoMS
For time domain resource determination of TBoMS, it was agreed in RAN1#104e that following options can be starting point.
· TDRA Option 1: PUSCH repetition Type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· TDRA Option 2: PUSCH repetition Type B like TDRA, i.e., the number of allocated symbols in each slot can be different.
TDRA Option 1 is a straightforward design since RAN1 is discussing to enhance PUSCH repetition Type A for coverage enhancement. For TDRA Option 1, the time domain resource determination could be similar to that of PUSCH repetition Type A, i.e., for defining slots used for TBoMS, a slot is determined as unavailable if at least one of the symbols indicated by TDRA for a PUSCH in the slot overlaps with the symbol not intended for UL transmissions. In our view, at least TDRA Option 1 should be supported. 
TDRA Option 2 can exploit more UL resource such as special slots. In our view, how to support Type B like TDRA including special slot are much influenced by the discussion on the TBS determination of Approach 1 and 2. As discussed in Section 2.2, if Approach 1 is taken, how to allocate time domain resource is more linked to TBS determination. If Approach 2 is taken, since TBS is determined by scaling the nominal TBS calculated based on first L symbols over which the TBoMS transmission is allocated, how to allocate time domain resource is more independency to TBS determination. This aspect should be concluded first. If TBS determination Approach 1 is taken and TDRA Option 2 needs to be supported, as the main motivation of TDRA Option 2 is special slot usage, the simple modification of PUSCH repetition Type A framework can be considered. For example, SLIV for special slot is additionally configured in TDRA entry. In case normal slot, current SLIV is used and in case special slot, SLIV for special slot is used. 
Proposal 1: 
· Support PUSCH repetition Type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· FFS whether to additionally support PUSCH repetition Type B like TDRA, i.e., the number of allocated symbols in each slot can be different.
· Before the decision of the support of PUSCH repetition type B like TDRA, TBS determination Approach 1 or 2 should be concluded as the different approaches have different interaction with time domain resource allocation.

In RAN1#104e, it was agreed that at least consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum and whether to support non-consecutive physical slots for UL transmission for TBoMS was not concluded. The potential concern to support non-consecutive physical slots would be latency for TB processing. On the other hand, if the usage of non-consecutive physical slots is not supported, due to flexible DL/UL configuration, the duration of consecutive slots could be different, and in this case the gain of TBoMS would not be fully exploited. As non-consecutive physical slots usage is discussed in the enhancement of PUSCH repetition Type A, commonly to apply the same resource usage would be desirable. The concern of the latency for TB processing can be resolved if TBS determination and rate matching process is not based on the resource across the slots over which the TBoMS is allocated but only is based on per slot or per one SLIV, i.e. Approach 2, as discussed in Section 2.2.
Proposal 2: Whether both consecutive and non-consecutive physical slot for UL transmission can be used or not for TBoMS should be the requirement to determine TBS determination approach.

TBS determination and rate matching process
In Rel.15/16, TBS is determined based on number of REs allocated for PUSCH within a single slot. The number of REs within a PRB is determined by , where  is the number of symbols of the PUSCH allocation within the slot,  is the number of DMRS REs per RB in the scheduled duration, and  is the overhead configured by higher layer parameter xOverhead in PUSCH-ServingCellConfig. 
In RAN1#104e, it was agreed in RAN1#104e that following options can be starting point. 
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated.
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by .
· FFS: The definition of 
· Note:  is the number of symbols determined using the SLIV of PUSCH indicated via TDRA.
In addition to TBS determination, rate matching process should also be jointly considered. In Approach 1, after TBS is determined based on all REs determined across the symbols or slots over which the TBoMS transmission is allocated, single rate matching output bit sequence is generated for TBoMS and mapped to the REs over multiple slots for TBoMS transmission is allocated as shown in Fig.1(a). Approach 1 can be considered that the TB processing and rate matching process for single-slot PUSCH is extended to multi-slot PUSCH. In Approach 2, after nominal TBS is determined based on the number of REs in the first L symbols over which the TBoMS transmission is allocated, actual TBS is calculated by scaling factor . For rate matching process, multiple rate matching output bit sequences can be generated for TBoMS. Different RVs are applied across slots or PUSCH occasions as shown in Fig.1(b). The implementation of Approach 2 can be considered that just TBS calculation is changed from Rel.15/16 (scaling is introduced) while rate matching process of Rel.15/16 repetition can be reused.
Considering the support of non-consecutive physical slots and potential interaction between UL/DL direction, Approach 2 would simply the TB generation/channel coding processing since these processing can be performed per slot/PUSCH transmission basis more separately. The UE and gNB are not required to take into account the resource allocation of the future non-consecutive physical slot(s) for the TB generation/channel coding processing. The one of potential concerns of Approach 2 would be 4 RVs in current specification may not be sufficient in order to transmit whole coded bits.
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(a) TBS determination and rate matching process for Approach 1.
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(b) TBS determination and rate matching process for Approach 2.
Fig.1: Concepts of TBS determination and rate matching process

The above rate matching process for Approach 1 and 2 are compared by using link-level simulation. The simulation parameters are summarized in Appendix A. TBoMS with 2 slots, 4 slots and 8 slots are evaluated. Joint channel estimation and inter-slot frequency hopping are applied as followings.
· w/o FH: Inter-slot frequency hopping is disabled. The period of joint channel estimation is set to the duration of TBoMS, i.e., for N-slot TBoMS, the period of joint channel estimation is N slots.
· w/ FH: Inter-slot frequency hopping is enabled. The hop duration and the period of joint channel estimation is set to half of the duration of TBoMS, i.e., for N-slot TBoMS, the hop duration and the period of joint channel estimation are N/2 slots.
On coding rate, following two cases are evaluated.
· Case 1: Around 1/5, for which all coded bits can be transmitted within one TBoMS, Fig.2.
· Case 2: Around 1/10, for which all coded bits can be transmitted within one hop, Fig.3.
In Case 1, in case the number of slots for TBoMS is 4 or more, Approach 1 could transmit all coded bits over multiple slots for TBoMS transmission. On the other hand, in Approach 2, since RV placement is fixed (i.e., 4 RVs), the coded bits to be transmitted might be unbalanced, which results in performance degradation when inter-slot frequency hopping is disabled. On the other hand, when inter-slot frequency hopping is enabled, in Approach 1, frequency diversity especially of systematic bits could be less than that in Approach 2 since the systematic bits in Approach 1 are conveyed only in the first hop when the coding rate is around 1/5. Therefore, almost the same performance can be achieved between Approach 1 and 2. In Case 2, i.e., for lower coding rate, the performance degradation of Approach 2 is alleviated even when the inter-slot frequency hopping is disabled.
Base on the evaluation, assuming the majority usage is inter-slot frequency hopping is enabled, Approach 1 and 2 can provide almost the same performance. Since Approach 2 can provide a simple implementation for TB generation/channel coding processing, especially considering the support of non-consecutive physical slots, we propose to support the design of Approach 2. This would also ease to support PUSCH repetition Type B like TDRA and the special slot thanks to more independency from the actual allocation. The performance degradation due to less RV placement in case when the number of slots of TBoMS is more than 4 could be solved by restricting duration of one frequency hop to 4 slots corresponding to 4 RVs.
Proposal 3: 
· Support following approach for TBS determination and rate matching process for TBoMS.
· TBS is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by .
· Multiple rate matching output bit sequence can be generated for TBoMS. Different RV is applied across slot or one PUSCH transmission occasion.
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(a) 2-slot TBoMS                                         (b) 4-slot TBoMS                                  (c) 8-slot TBoMS
Fig.2: Comparison between Approach 1 and 2 (Case 1: coding rate
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(a) 2-slot TBoMS                                       (b) 4-slot TBoMS                                    (c) 8-slot TBoMS
Fig.3: Comparison between Approach 1 and 2 (Case 2: coding rate

Other considerations
Repetition of TBoMS
The repetition of TBoMS is necessary in order to have lower overall coding rate without introducing new MCS table. If Approach 1 of TBS determination and rate matching process in Section 2.2 is taken and if further lower coding rate which has been specified in MCS table for URLLC is not sufficient, the repetition of TBoMS should be considered. 
Approach 2 of TBS determination and rate matching process in Section 2.2 has already include repetition mechanism because TBS is determined by a slot and different RVs are used as PUSCH transmission of multiple slot. Therefore, just repeat per-slot basis procedure by multiple times would be sufficient.
Proposal 4: Repetition of TBoMS is considered if overall coding rate lower than which has been specified in MCS table for URLLC is necessary.

Frequency hopping
Based on the evaluation results in Section 2.2, regardless which approach is supported for TBS determination and rate matching process, enabling frequency hopping can improve the performance of TBoMS transmission. Therefore, the design of inter-slot frequency hopping and joint channel estimation (or time domain window) should also be applied to TBoMS transmission.
Proposal 5: Inter-slot frequency hopping with joint channel estimation should be supported for TBoMS.

Conclusion
In this contribution, we provide our view on TB processing over multi-slot PUSCH. We made following proposals.
Proposal 1: 
· Support PUSCH repetition Type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· FFS whether to additionally support PUSCH repetition Type B like TDRA, i.e., the number of allocated symbols in each slot can be different.
· Before the decision of the support of PUSCH repetition type B like TDRA, TBS determination Approach 1 or 2 should be concluded as the different approaches have different interaction with time domain resource allocation.
Proposal 2: Whether both consecutive and non-consecutive physical slot for UL transmission can be used or not for TBoMS should be the requirement to determine TBS determination approach.
Proposal 3: 
· Support following approach for TBS determination and rate matching process for TBoMS.
· TBS is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by .
· Multiple rate matching output bit sequence can be generated for TBoMS. Different RV is applied across slot or one PUSCH transmission occasion.
Proposal 4: Repetition of TBoMS is considered if overall coding rate lower than which has been specified in MCS table for URLLC is necessary.
Proposal 5: Inter-slot frequency hopping with joint channel estimation should be supported for TBoMS.
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Appendix A: Link-level simulation parameters
Table 1: Simulation parameters for Section 2.2
	Carrier frequency
	700 MHz (FDD)

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	Channel model
	TDL-C

	Delay spread
	300 ns

	UE speed
	3 km/h

	PRB allocation
	4 PRBs

	Symbol allocation
	14 symbols

	Number of layers
	1

	Number of Tx antennas
	1

	Number of Rx antennas
	2

	Modulation
	QPSK

	TBS
	256, 512, 1024, 2048

	Intra-slot frequency hopping
	Disabled

	Inter-slot frequency hopping
	Disabled or Enabled

	DMRS length
	1 symbol

	Additional DMRS symbol positions
	pos0

	DMRS configuration type
	Type 1



Appendix B: Agreements in previous meetings
RAN1#104e
Agreements:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS.
· PUSCH repetition Type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition Type B like TDRA, i.e., the number of allocated symbols in each slot can be different.

Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum.
· To resolve RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum.
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band.
· FFS: If non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band.

Agreements:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

Agreements:
· For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel.15/16, for the same number of layers.
· FFS: Details and further constraints on the applicability of TBoMS

Agreements:
· One or two of the following approaches will be considered as a starting point to decide how  for TBoMS is calculated (aiming for down selection in RAN1#104b-e).
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated.
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by .
· FFS: The definition of 
· Note:  is the number of symbols determined using the SLIV of PUSCH indicated via TDRA.
· FFS: Impacts and further details if repetitions of TBoMS is supported.
· FFS: Whether the symbol over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.

Agreements:
· One or two of the following options will be considered (aiming for down selection in RAN1#104b-e) to calculate  for TBoMS.
· Option 1:  is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel.15/16.
· Option 2:  is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: If either the number of symbols or the number of slots is used.
· FFS: If xOverhead is separately configured from the one in Rel.15/16.
· FFS: Impacts and further details if repetitions of TBoMS is supported.
· FFS: Whether the symbol over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.
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