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Motivation
 The following are agreements on TBoMS from #104-e [1]  and 104-bis-e [2]
[bookmark: _Hlk63096048]Agreement:
· 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.

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

Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
· To resolve in 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:
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 NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-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 K≥1.
· FFS: the definition of K
Note: L 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 symbols 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 NohPRB for TBoMS:
· Option 1: NohPRB 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: NohPRB 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 symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.
[bookmark: _Hlk69477917][bookmark: _Hlk69480891]Agreement:
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.

Agreements:
For the definition of a single TBoMS, down select among the following options:
· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
· FFS: other implications, e.g., power control, collision handling and so on. 

In this contribution, we discuss the pending aspects of TBoMS as raised in the previous meetings.
On TB processing over multiple slots for PUSCH
The main principle for coverage enhancement should be to design a specification that supports uplink narrowband operation with sustained UE scheduling over multiple slots under low SINR conditions. This could consider TBS size calculation enhancements to support transmissions over multiple UL slots i.e., TB processing over multiple slots. We have shown the benefits of TB processing over multiple slots in our previous contribution [3, 4]. In [3] we presented the BLER performance with the proposed TB processing in the case of both eMBB and VoIP. For both the cases with the proposed TBoMS there is a gain in MPL resulting in the increment of cell radius. The number of slots aggregated can depend on the required data rates. 
In this document we discuss about the pending issues on the TBoMS feature. 
Time domain resource allocation over multiple slots
We propose to define a transmission occasion for TBoMS (TOT) in one of the following ways:

· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
· Option 3 Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on.
In both these cases, once the number of slots are determined, the rate matching can be performed across all these slots. We do not see any specific motivation or performance gains by doing rate matching per slot among the identified slots. 

Proposal: A single RV is rate matched across all the slots considered for TBoMS	

In 104-bis-e meeting, it has been agreed that non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum. To support this further, the following points have to be discussed 
1. Determining the available slots for PUSCH
2. Procedure for PUSCH transmission when UCI transmission interferes with PUSCH transmission.
If the number of available slots is identified prior to the scheduling of TBoMS transmission, the identified resources can be used only for TBoMS, otherwise it may result in collision of PUSCH transmission with PUCCH or other transmissions depending on S slots or U slots are used for TBoMS. Therefore, we propose that we first define how a gNB determines the slots for the TBoMS and further identify if this will create collisions with existing framework for 5G NR. If collisions are perceived to happen, we define priority rules similar to other scenarios already existing in 5G NR. 
Proposal: Define priority rules to handle cases where TBoMS transmission may overlap with other transmissions such as SRS and PUCCH.

Relationship between TBoMS and PUSCH repetitions
We propose that repetitions not be considered along with TBoMS. TBoMS as a feature is independent of repetitions, it has only one RV in its transmission. So we propose to follow the approach mentioned below. 
Approach 2: TBoMS is designed as a new feature which shares several indicators with Type A/B PUSCH repetitions, e.g., TDRA, but that provides an alternative way of using the resource given by multiple slots.
· Note1: This approach may have at least the following implications:
· The TBS is determined based on the resources available over multiple slots.
· TBoMS transmission is performed over multiple slots.
· Different bit to resource mapping mechanisms are possible (RV cycling based or not).
·  is the total number of REs available in several slots.
· Signaling used in the feature can reuse part of the existing PUSCH repetition Type A/B framework.
· Note2: the expression “Type A/B” is used to capture the fact that RAN1 has not decided whether Type A and/or Type like TDRA are used by TBoMS for time domain resource determination. It does not imply any specific preference for Approach 2.
In the above, we propose (as already mentioned previously), a single RV be rate matched across all slots considered for TBoMS. 
Proposal: Do not consider RV cycling, repetitions within TBoMS framework. 
Proposal: Enhance PUSCH repetition type-A framework to support transmission over non-contiguous slots while considering that TBoMS is an entirely new feature. 

Constraints on TBoMS
The TB size is typically calculated using the number of symbols (N_symb), number of PRBs, (N_prb), and the number of slots (N_slots) apart from the MCS. For a cell edge UE, typically lower MCS values will be used. In order to ensure that the legacy maximum supported TB size is not exceeded as per the agreements, a limit on the one of the N_symb, N_prb, or N_slots is required. 

As shown in [3, 4], narrow banding helps in improving cell coverage. The link budget gain comes in the form of reduction in the receiver noise figure in the link budget analysis. A decrease in the frequency domain allocation by a factor of 4 results in a 6dB gain in the effective noise figure. Considering this we believe a restriction on the number of PRBs is quite beneficial.

Proposal: N_prb used for TBoMS should be limited to satisfy the TB constraints.

Calculation of N_info
We propose that N_info is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, and further scaled by K≥1. The exact details are given below. 

Let K be the number of slots that has to be aggregated for the resource allocation for a UE. K is sent to the UE as a variable parameter. Below a systematic procedure to employ the TB processing over multiple slots is explained.
1. For the given time-frequency resources, calculate the TB size for one slot according the Clause 6.1.4.2 in 38.214 as in the existing scenarios. The frequency domain resources are indicated to the UE for 1 slot via the DCI format when the existing DCI format is used and RRC signalling is used to indicate K. When a new DCI format is introduced to indicate K, then also the gNB may continue to indicate the frequency domain resources for 1 slot only. 
2. Next, the transport block size that spans K slots is obtained as,
. 
3. Attach a single CRC to  and transmit over K slots over the same number of frequency resources indicated in step-1.
4. The CRC removal at the receiver is performed after the reception of K slots.
The parameter K can be signalled semi-statically to a coverage limited UE as identified by the base station via RRC signalling or via DCI signalling through a new DCI format dedicated for coverage limited UEs with small payload size which can be decoded even under extreme coverage conditions.  

Proposal: N_info is calculated based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1, where K is the number of slots over which TBoMS performed.

One pending issue to handle is to decide how to handle slots where there could be a potential collision between PUCCH and the TBoMS transmissions in some future slots. One potential mechanism to handle this is to treat this similar to eMBB-URLLC multiplexing feature that was handled in Rel-15 and Rel-16.
Calculation of N_oh_prb
As per the previous proposals, when the same allocation is assumed and type-A mechanism is used, it is straightforward to assume that the overhead calculation remains same across all slots over which TBoMS is performed. 
Proposal: Same overhead is assumed for all the slots over which TBoMS transmission is performed.
Other issues
The UE may be semi-statically indicated to switch between TBoMS and single slot processing. We do not see any motivation for the UE to switch dynamically between these two transmission methods. 
Proposal: Support semi-static switching between TBoMS and single slot transmission.
If the number of PRBs that are used in TBoMS is not restricted, then the number of slots that are to be aggregated for TBoMS must be restricted to satisfy the TB constraints. This number may be extended beyond the Rel-16 capabilities to maximize the coverage gains. 
Proposal: If N_prb used for TBoMS is not restricted, then a restriction on the number of slots aggregated for TBoMS is required.
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