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Introduction
In RAN#90e meeting, following objective has been approved for NR coverage enhancement work item in NR Rel-17 for PUSCH [1]:
· [bookmark: OLE_LINK7]Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
In RAN1#104bis-e, some agreements were reached regarding the use of non-consecutive physical slots for UL transmission for unpaired spectrum and transmission occasion for TBoMS (TOT). In this contribution, we discuss various aspects of TBoMS with focus on time domain resource allocation, RV determination, rate matching, UCI multiplexing, and TBS determination, as well as discuss other issues. Link level simulations are provided to investigate performance of TBoMS under different conditions and RV determination approaches.
Discussion
Rel-15/16 PUSCH repetition comprises a broad set of mechanisms to determine which time domain resources are used. These include how to determine resources allocated to each repetition, the total number of repetitions, and which slots are omitted and/or which symbols are invalid. Rel-17 TBoMS transmission also requires mechanisms to determine time domain resources. Therefore, one way to reduce complexity in UEs is to construct a multi-slot TB transmission by combining PUSCH repetition time domain resource determination mechanisms with multi-slot transport block construction methods.
[bookmark: _Hlk68265639]Observation 1:
· Rel-15/16 PUSCH repetition and TB over multiple slots have great commonality in terms of configuration and signaling of time domain resources as well as invalid symbol patterns.
Proposal 1:
· [bookmark: _Hlk71620616]Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
Time domain resource determination for TBoMS
It was agreed in RAN1#104e to consider either or both of Type-A and Type-B like TBoMS: 
	RAN1#104e Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]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


In RAN1#104bis-e meeting, there was a lot of discussion on Type A and Type B like time domain resource determination for TBoMS, with the latest proposal supporting at least PUSCH repetition type A like TDRA. It was not agreed on whether to support special slot for TDRA of TBoMS and how to handle special slot in TBoMS, e.g. based on PUSCH repetition type A or type B like TDRA. Some open issues are the maximum configurable value for L and overlap between TBoMS and SRS.
It was claimed that the use of a special slot in TBoMS can maximize resource utilization of UL symbols, therefore the use case mainly considered for special slot in TBoMS is the use of contiguous UL symbols in S slot and the following U slot. As illustrated in the lower part of Figure 1, a TBoMS containing S and U slots consists of 16 contiguous UL symbols. A straightforward baseline of TBoMS is a TB over two UL slots, e.g. a total of 28 symbols with 3 slots in between. The TBoMS of S and U reduces transmission delay by using the fragmented UL symbols, but doesn’t necessarily improve UL coverage.
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Figure 1, TBoMS of S and U vs. TB over two UL slots
It was argued that TBoMS may collide with SRS, which are configured in the last symbols in UL slot, then Type-B like TBoMS can be considered. If we consider the SRS in UL slot together with the use of special slot, the TBoMS can consist of the UL symbols in S and the first several UL symbols in the subsequent UL slot, as shown in the lower figure in Figure 2. This is based on the assumption that PUCCH/SRS is scheduled to be transmitted in UL slot, rather than S slot. Otherwise, the legacy one-slot TB PUSCH can be used by scheduling the transmission of PUCCH/SRS in special slot, as shown in the upper part in Figure 2. With the same number of UL symbols for PUSCH in the two schemes, the TBoMS comprised of UL symbols in special slot doesn’t provide any coverage or latency gain over the legacy TB in one slot.
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Figure 2, TBoMS of S and U with SRS/PUCCH in the last UL symbols in UL slot
As the numbers of available UL symbols in S slot and U slot are different, the use of consecutive UL symbols in special slot and the following UL slot belongs to the category of Type-B like TDRA, according to the definition in RAN1#104e agreements. If it is treated as a special case of Type-A like TDRA, e.g. by L>14, issues like DMRS mapping type, DMRS positioning will have big standard impact.
An alternative approach could be to use a special slot together with all normal uplink slots for all repetitions of a PUSCH, while still leaving some resources available for SRS or A/N after the PUSCH transmission. As shown in [5], the link level performance is essentially the same in this case.
Another issue with using DMRS in one slot to form channel estimates for another slot is that the interference should be the same between the slots for best performance with multi-antenna interference suppression receivers. As discussed in [6], since the special slot can have difference interference characteristics, if a DMRS in a special slot or uplink slot is used to determine interference suppression combining weights for the other type of slot, the losses in the performance of interference suppression could degrade or eliminate the gains from using a small number of symbols in a special slot.
Proposal 2:
· [bookmark: _Hlk71620634]The net gains and use cases of TBoMS supporting special slot with different number of UL symbols than that in UL slot for the TB should be carefully studied prior to specifying it.
· Such study should address how SRS and PUCCH can be transmitted as well as the performance of interference suppression when DMRS in a special or normal uplink slot is used for interference suppression in the other type of slot.
· If specified, and performance gains are targeted for this case, a TB over consecutive UL symbols in special slot and the following UL slot can be based on PUSCH repetition type-B like TDRA.
[bookmark: _Hlk70517798]TOT and RV (including Relationship between TBoMS and PUSCH repetitions, repetition of TBoMS)
In RAN1#104bis-e, transmission occasion for TBoMS (TOT) was agreed to be utilized for the discussion of RV and rate matching with the agreements below.
	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. 


Option 1 and Option 3 support one RV for a TBoMS but differ in the number of TOTs, which is also the difference between Option 2 and Option 4. It was agreed that TBoMS can span non-consecutive slots at least in TDD system, therefore the number of TOTs for a TBoMS, as the main distinction between Option 1 and 3 and between Option 2 and 4, depends on if a TOT can span non-contiguous resources. If so, Option 3 can be merged with Option 1, likewise for Option 4 and 2.
Observation 2:
· The main distinction between Option 1 and Option 3 and between Option 2 and Option 4 is if a TOT can span non-contiguous resources.
Multiple RVs for a TBoMSAs to multiple RVs for one TB, in RAN1#104bis-e companies discussed how multiple RVs are rate matched across time-domain resources of a TBoMS and the possible time-domain granularity for RV cycling. According to [2] and [3], all information bits of the TBoMS are deposited in a circular buffer. The fraction of encoded bits of different RVs are mapped in different time-domain resources. The possible time-domain granularities of RV cycling under consideration are where the RV refreshes at the slot border or between non-consecutive resources, as illustrated in Figure 3 for a TB over four UL slots with DDSUU. As noted, a problem of multiple RVs per TBoMS is if the granularity of one RV is not big enough, e.g. RV refreshing at slot boundary, it is likely that not all systematic bits can be transmitted. Simulation results showing the loss of performance from this effect can be found in section 2.6.1. On the other hand, if the granularity is large enough, e.g. comprised of many consecutive slots, there would be overlapping encoded bits transmitted in the resources of two RVs. In addition, the use of multiple RVs for the transmission of a TB may deviate the code rate from the expected code rate. The code rate depends on the number of transmitted information bits and parity bits, but different RVs have different code rates. 
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Figure 3, multiple RVs for a TBoMS 
Observation 3 & 4:
· Inappropriate time-domain granularity for RV cycling may cause the problems of partial systematic bits transmitted and duplicate transmission of encoded bits. 
· Multiple RVs for TBoMS may cause unexpected code rates.
Proposal 3:
· [bookmark: _Hlk71620755]TBoMS is transmitted using a single RV.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In RAN1#104bis-e, a new approach of multi-RV TBoMS was proposed, which sees TBoMS as a Type A PUSCH repetition enhancement. This approach has RV cycling across TOTs and  for TBS determination equal to the total number of REs available in a single TOT of a TBoMS. For example, in Figure 3 (b), the TBoMS over four UL slots is equivalent to two repetitions of a two-slot TB, with different RV used for each repetition. This new approach has lower code rate than Option 4 with TBS determined according to resources in all slots.
Observation 5:
· If a TBoMS consists of more than one TOT, treating TBoMS as a Type A PUSCH repetitions enhancement requires repetition within a TBoMS, which needs further study.
PUSCH repetition improves coverage thanks to a lower code rate by allocating more time domain resources. TB transmission over multiple slots utilizes high power spectrum density by allocating small number of PRBs per slot and spreading resource allocation in time domain. TBoMS without repetition can achieve similar performance as TBoMS with repetition by enlarging the number of slots for a TB or HARQ based retransmission of TBoMS. PDCCH overhead is relatively low for TBoMS compared with one-slot TB. Therefore, TBoMS has similar benefits to repetition, and the need for specifying both TBoMS and repetition should be established before specifying repetition on top of TBoMS.
Proposal 4 & 5:
· [bookmark: _Hlk71621194]The need for repetition of TBoMS is further considered.
· TBoMS is designed as a new feature, rather than a Type A PUSCH repetitions enhancement. 

Single RV for a TBoMS
A common FFS issue for Options 1 and 3 is how the single RV is rate matched across the TOT, by 
· method (1) a continuous rate-matching of encoded bits across the TOT or 
· method (2) encoded bits are rate matched for each slot. 
· method (3) for Option 3 is a single RV is rate matched for all the TOTs. 
The time-domain granularities of rate matching for method (1), (2) and (3) are respectively one TOT, one slot, and multiple TOTs, as illustrated in Figure 4 for a TB over four UL slots with DDSUU. 
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Figure 4, single RV for a TBoMS
Figures 4 (a) and (b) show Option 1 and Option 3 respectively for a TBoMS of four UL slots. Regarding how one RV is rate matched in the slots of a TOT, method (1) and (2) are respectively illustrated by the blue curve and the green curve in Figure 5. Method (1) has all systematic bits transmitted in the first slot and more parity bits totally transmitted. Method (2) repeatedly sends the same encoded bits in all the slots. With method (2) of the same RV rate matched per slot, the multi-slot TB is the same as repetitions of a single-slot TB across the multiple slots, and the TBS is determined by RE resources in a slot.
[image: ]
Figure 5, one RV continuous rate matching(blue) vs. RV refreshing(green)
Though the size of a TOT and number of TOTs in a TBoMS are different for Option 1 and Option 3, if we compare Figure 4(a) and (b), the method (1) for Option 3 is quite unique, as highlighted in the black ellipse. The same RV is rate matched for each TOT. The second TOT is a repetition of the first TOT. The four-slot TB becomes two repetitions of a two-slot TB. In the widely used TDD UL/DL configurations, there are at most two consecutive UL slots. TBoMS of Option 3 with the same RV rate matched over consecutive UL slots can be seen as repetitions of a TB over at most two UL slots. The TBS is determined by RE resources in two slots.
Observation 6 & 7:
· If the same RV is rate matched per slot, the TBoMS is repetitions of single-slot TB. 
· If the same RV is rate matched per part of all slots of a TBoMS, the TBoMS is repetitions of TB over part of all slots. 
Proposal 6:
· [bookmark: _Hlk71621203]Support continuous rate-matching of encoded bits across all transmitted slots of the TBoMS, regardless of the number of TOT(s) for a TBoMS.
UCI multiplexing on multi-slot PUSCH
When UCI transmission overlaps in time with PUSCH, UCI is multiplexed on PUSCH if the timeline check passes. In Rel-17, the transmission of HARQ-ACK or CSI report may overlap with a multi-slot TB. In the past RAN1 meetings, it was proposed that UCI can be multiplexed in one or more slots of a TBoMS and some issues were also raised.
Let’s consider UCI multiplexing in one slot first. Similar to UCI multiplexing in the first nominal repetition of PUSCH repetition Type B, if UCI is scheduled to be transmitted in other slots than the first one of the TBoMS, the complexity of PUSCH rate matching, e.g. bit interleaving, increases. 
If UCI can be multiplexed in multiple slots of a TBoMS, one method is that the total UCI bits are spread over multiple slots, occupying less resources in a slot than legacy UCI multiplexed in PUSCH of one slot. The other method is repetitions of UCI in multiple slots. This can improve UCI coverage and can be considered especially when there is no UL-SCH for multi-slot TB. It needs study on how UCI multiplexing in multiple slots can work for TBoMS with different number of UL symbols in each slot, for example, the number of modulated UCI symbols varies in each slot. 
Observation 8 & 9:
· If UCI is multiplexed in one slot of a TBoMS, UCI multiplexing in slots other than the first one of the TBoMS increases UE complexity.
· It needs study on how UCI multiplexing in multiple slots can work for TBoMS with different number of UL symbols in each slot.
Proposal 7:
· [bookmark: _Hlk71621211]If UCI multiplexing in TBoMS is supported, UCI can be multiplexed in the first slot of TBoMS, or repeated in all slots of TBoMS, if it has the same number of UL symbols in each slot. 
Another issue is about the time when the UE determines UCI multiplexing on TBoMS [4]. The UE needs to determine the number of resources for UCI among the allocated resources for PUSCH in each slot, and then multiplex data and control. Therefore, the resource determination of UCI should be done prior to transmission of a TBoMS, according to Rel-15/16 timelines for the first transmission of a PUSCH repetition. The UE doesn’t expect the gNB to schedule a new UCI transmission which overlaps in time with the ongoing transmission of TBoMS.
Proposal 8:
· [bookmark: _Hlk71621215]The resource determination of UCI multiplexing on TBoMS should be done prior to transmission of TBoMS, according to Rel-15/16 timelines for the first transmission of a PUSCH repetition. The UE doesn’t expect gNB to schedule a new UCI transmission which overlaps in time with the ongoing transmission of TBoMS.
TBS determination
Rel-15/16 PUSCH repetition allows multi-slot transmission of a single transport block, including where different redundancy versions of the PUSCH are transmitted in different slots. For TB over multiple slots, the multi-slot transport block transmission differs from Rel-15/16 PUSCH transmission in that the transport block size is determined based on multiple slots, whereas Rel-15/16 repetition’s TB size is calculated assuming the entire transport block is carried in each slot. 





In Rel-15/16, the transport block size is determined according to ,  and , where is the number of symbols of the PUSCH allocation within the slot. This implies that the TBS is proportional to the number of symbols in a slot and that the TBS cannot be increased by increasing the number of slots. However, in order to support TBoMS, if  is redefined as the number of symbols of the PUSCH allocation in all slots that a given transport block is carried in, then a multi-slot TB size can grow with the number of slots. This was discussed with below agreements.
	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.


[bookmark: OLE_LINK1]Approach 1 and Approach 2 are the same for Type-A like TBoMS, given the agreement for PUSCH repetition Type A like TDRA, i.e., the number of allocated symbols is the same in each slot. The difference between the two approaches lies in the support or restriction to methods of resource allocation for Type-B like TBoMS. Approach 1 can be applied to all methods of TDRA for Type-B like TBoMS as discussed in section 2.1, but Approach 2 only works for Method (1) for Type-B like TBoMS, which configures both L and K. In this sense, Approach 1 is more widely applicable.
Observation 10-12:
· [bookmark: _Hlk68265700]If only Type-A like TBoMS is supported, the two approaches are the same.
· If Type-B like TBoMS is supported, Approach 2 depends on TDRA configuration of both L and K for Type-B like TBoMS.
· Approach 1 is more widely applicable than Approach 2 regarding different candidate TDRA configurations for Type-B like TBoMS.


In NR Rel-15/16  is the overhead configured by higher layer parameter xOverhead. The overhead can be 0, 6, 12, or 18 REs in  symbols in one PRB. Regarding overhead resources for TBoMS, below agreements were reached in RAN1#104e.
	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.


Option 1 necessitates the same number of overhead REs in all slots of a TBoMS. If we consider Type-A like TBoMS with the same number of symbols in each slot, Option 1 leads to that the portion of NInfo in each slot is the same. Therefore, Option 1 is a prerequisite for Approach 2. Option 1 can also work with Approach 1.
Option 2 configures the overall overhead resources across multiple symbols or slots of the TB. It has more standardization effort as new values of xOverhead may be needed depending on the number of slots of a TB. A UE with Option 2 is unaware of overhead resources in one slot, therefore Option 2 can’t work with Approach 2. Option 2 requires Approach 1 as a prerequisite. 
Observation 13-15:
· [bookmark: _Hlk68266330]Option 1 is a prerequisite for Approach 2, and it can also work with Approach 1.
· Option 2 requires Approach 1 as a prerequisite. Option 2 can’t work with Approach 2.
· Approach 1 is more widely applicable than Approach 2 regarding its compatibility with both options.
Proposal 9 & 10:
· [bookmark: _Hlk68266370]Approach 1 is used to calculate .
· Option 1 is used to determine NohPRB, given the lower standardization effort needed.
[bookmark: _Hlk61866012]Non-consecutive physical slots
It was agreed in RAN1#104bis-e that non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum, but it is FFS for paired spectrum. Support of non-consecutive physical slots for transmission of TBoMS in FDD can enable flexible UL scheduling, for example by scheduling SRS or other UL transmission from the same UE or other UEs between the multiple slots for TBoMS. It doesn’t need more standardization efforts than TDD to support non-consecutive physical slots for FDD. In order to keep alignment between TDD and FDD and allow for flexible UL scheduling, we have the proposal below.
Proposal 11:
· [bookmark: _Hlk68266621]Non-consecutive physical slots can be supported for TBoMS for paired spectrum.

Handling of unavailable slots
In addition to Rel-15 PUSCH repetition based on physical slots, Rel-17 will support enhanced PUSCH repetition on the basis of available slots. The two approaches can be referred to when considering TBoMS. 
In NR operation of Rel-15 Type A PUSCH repetition, there are cases where a UE should not transmit in a slot. For example, Rel-15 UEs drop the PUSCH repetition in the DL slot configured by TDD UL/DL configuration. Likewise, if the number of physical slots for a TBoMS is configured, TBS determination of TBoMS can be based on TDD UL/DL configuration. Configuring the number of physical slots for a TBoMS has the advantage that the total time span of the TBoMS is fixed, but the TBS is not explicitly indicated, which depends on TDD configuration. The allowed maximum number of physical slots for TBoMS needs to take TDD configuration into consideration. 
Observation 16:
· Unless the number of slots for TBoMS is highly restricted (e.g. to at most 2), a large number of physical slots is needed (e.g. 16 for 4-slot TBoMS with 4:1 DL:UL ratio), if the number of physical slots is configured for TBoMS.
Regarding configuring the number of available slots for a TBoMS, the advantages are the configured value can be much smaller than the one based on physical slots and TBS is directly indicated by the number of available slots. UE needs to determine the physical slots mapping to available slots prior to UL transmission.
Proposal 12 & 13:
· [bookmark: _Hlk71621240]If TBoMS with more than 2 slots is to be supported, TBoMS configuration uses the number of available slots, otherwise physical slots are used. 
· When the number of symbols in each slot is the same for TBoMS,
· If the number of physical slots is configured, use TDD UL/DL configuration for TBS determination
· If the number of available slots is configured, TBS determination is according to the number of available slots.
Other issues
The following issues are discussed in this section.
· DMRS, MCS, number of layers
· [bookmark: OLE_LINK3]CB segmentation
· Power control
Issues in this section intertwine with above-mentioned issues, e.g. DMRS and power control depend on the agreements on Type-A or Type-B like TDRA and TOT, and DMRS and CB segmentation can be considered when addressing TBS determination. To facilitate progress, we have the proposal:
Proposal 14:
· [bookmark: _Hlk71621249]RAN1 to discuss issues of DMRS, MCS, number of layers, CB segmentation and power control after agreements of Type-A or Type-B like TDRA and TOT for rate matching are reached.
[bookmark: _Hlk68628033][bookmark: _Hlk68269396]DMRS, MCS, and number of layers
It was agreed in RAN1#104 that the same number of PRBs per symbol is allocated across slots for TBoMS transmission. A similar decision is needed on whether the same DMRS configuration, MCS index, and number of layers is used across multiple slots of a TB. The need for any new DMRS configuration, should be discussed in the Agenda 8.8.1.3 for cross-slot channel estimation in the NR Rel-17 Coverage enhancement WI rather than the RAN1 TBoMS session to avoid duplicate discussion. 
CB segmentation

In NR Rel-15/16, a transport block can be segmented into multiple code blocks in two cases, 1) when  and , 2) the quantized intermediate number of information bits  and . The number of CBs per TB is determined based on . Multiple CBs form a CBG, which is the unit of retransmission. DCI indicates which CBG is to be retransmitted such that the correctly received part doesn’t need to be retransmitted.
If TBoMS is used for VoIP or low data rate like 100kbps, the TBS would not reach the threshold for CB segmentation. But in other cases, like 1Mbps data rate or DL heavy TDD configuration, TBS exceeding CB segmentation threshold may happen. To reuse current specification and reduce standardization effort, CB segmentation can be considered for TBoMS. 
As a coverage enhancement scheme, the data rate for a cell edge UE is smaller than that for cell center UE. Accordingly, TBS and number of CBs in the TB are also smaller. In NR operation, the number of CBGs in the TB can be no larger than number of CBs in the TB. With a small number of CBs, the benefit of reduced payload by CBG-based retransmission decreases for TBoMS.
Power control
In Rel-15/16, the term “transmission occasion” is used in different aspects independently, e.g. RV cycling and UL transmission power determination. It is the same for the two aspects for one-slot TB, namely the scheduled UL symbols in a slot, but it can have different lengths in the two aspects for TBoMS.
In NR Rel-15/16, UE determines PUSCH transmission power for each slot. A decision is needed on if transmission occasion of power determination for a TBoMS is one or all slots of a TB. If the transmission occasion is to reuse the allocated symbols in a slot, it is backward compatible and needs less standardization effort. One issue is how to calculate BPRE in each slot. If Type-B like TBoMS is supported, it is complex for UE to calculate the number of information bits in each slot, except for an average BPRE calculated across multiple slots. If the transmission occasion for TBoMS power determination is all slots of the TB, a certain transmission power is used across the multi-slot transmission. Possible issues include how to handle the updated pathloss estimation and group-common TPC command amid UL transmission. 
Performance evaluation of TB processing over multi-slot PUSCH
In NR Rel-15 and 16, transmission of a TB is determined by RE resources within a number of PRBs and a number of at most 14 OFDM symbols. To reach a certain UL data rate, usually multiple PRBs in a slot are allocated for a TB transmission. However, increasing resources in frequency domain will reduce the power density of the signals transmitted in each PRB, thus making the channel estimation accuracy worse, given the limitation of the total power of UE can have. In order to increase power spectrum density, one possible solution is to extend a TB that is in a small number of PRBs across multiple slots. 
Observation 17:
· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP and low rate data. 
Performance of different number of RV(s) for a TBoMS
In this section, we compare the simulation results of two rate matching methods, one RV continuous rate matching across TBoMS and multiple RV cycling at the slot border for TBoMS. A TBoMS comprising four UL slots and eight UL slots with one PRB are both considered. MCS 0 and MCS 4 are used. Other simulation parameters can be found in section 5.
Figure 6-a shows that one RV continuous rate matching and multiple RV cycling across slots have almost the same performance with low MCS. How encoded bits are rate matched in multiple slots of the TBoMS is illustrated in Figure 6-b. In this configuration, all systematic bits are transmitted in both solutions. 
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Figure 6-a, one RV vs. multiple RVs for a TBoMS of 4 slots



Figure 6-b, rate matching of encoded bits

Figure 7-a shows with MCS 4, one RV continuous rate matching has about 1dB performance gain over multiple RVs cycling across slots. This is because with higher code rate, more systematic bits are generated. As is shown in Figure 7-b, multiple RV cycling across the slot border has only part of the systematic bits transmitted.
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Figure 7-a, one RV vs. multiple RVs for a TBoMS of 4 slots


Figure 7-b, rate matching of encoded bits

Figure 8-a shows the results of TBoMS of eight UL slots. When the number of slots for a TBoMS exceeds the number of RVs, one RV continuous rate matching also outperforms multiple RVs. The multiple RVs method has the same encoded bits repeat in more than one slots, as illustrated in Figure 8-b, leading to less parity bits transmitted than one RV method. 
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Figure 8-a, one RV vs. multiple RVs for a TBoMS of 8 slots



Figure 8-b, rate matching of encoded bits
Observation 18:
· Multiple RVs cycling across slot border has worse performance than one RV continuous rate matching for a TBoMS in below cases.
· With higher MCS, the method of multiple RVs per TBoMS risks that only partial systematic bits are transmitted.
· When the number of slots for the TBoMS exceeds the number of RVs, the method of multiple RVs per TBoMS can repeat the same encoded bits in slots and transmit less parity bits overall.
Performance between TBoMS and PUSCH repetition Type A
In this section, we compare the performance of TBoMS and PUSCH repetition Type A in scenarios of VoIP and 100kbps data rate. Three different configurations of PUSCH repetition are considered as baseline, as summarized in Table 1. We try to keep similar TBS among different schemes.
Table 1: Configuration of PUSCH repetition compared with TBoMS
	PUSCH repetition
	Configuration of PUSCH repetition, compared with TBoMS (blue curve)

	
	number of PRBs per slot
	TBS
	MCS
	coding rate

	Baseline 1 (red curve)
	the same
	similar
	higher than TBoMS
	higher than TBoMS for VoIP;
similar for low data rate

	Baseline 2 (green curve)
	more than TBoMS*
	similar
	the same
	the same

	Baseline 3 (black curve)
	the same
	similar
	the same
	higher than TBoMS


*Note: UE transmission power in one slot is the same for TBoMS and PUSCH repetition.
Figure 9 shows the performance between TBoMS and PUSCH repetition baseline 1 and baseline 2 for VoIP scenario in FDD 700MHz. TBoMS and PUSCH repetition baseline 1 use 1 PRB across 8 slots. 1.5dB gain can be observed from TBoMS, which uses lower modulation order. But if the number of PRBs in a slot is increased to 4 for PUSCH repetition baseline 2, TBoMS shows no gain. 
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Figure 9: Initial BLER for VoIP of TBoMS & PUSCH repetition baseline 1 and 2

In Figure 10, we compare TBoMS and three PUSCH repetition baselines for low data rate scenario in FDD 700MHz. TBoMS and PUSCH repetition baseline 1 and 3 use two PRBs in both two slots. Similar to VoIP, about 1.3 dB gain can be observed from TBoMS against PUSCH repetition baseline 1, where TBoMS uses lower modulation order. When the same modulation order is used for TBoMS and PUSCH repetition, as in baseline 3, then TBoMS has marginal gain. 
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Figure 10: Initial BLER for low data rate TBoMS and three baselines of PUSCH repetition
Observation 19:
· TBoMS does not seem to provide substantial coverage gain with respect to Rel-15/16 repetition, although it may have ~1dB gain from lower modulation order if the amount of frequency domain resource can be limited such that a higher modulation order is needed for PUSCH repetition.
Performance of TBoMS with different number of slots
We compare the performance of TBoMS with different number of slots for a TB, N=2, 4 and 8. Legacy one-slot TB is also simulated, denoted with N=1. We consider scenarios of VoIP and 1Mbps data rate. Same number of PRBs per slot and same MCS index are used for different N.
In the VoIP scenario, we use 1 PRB per slot. The TB size ranges from 32 bits to 272 bits. As shown in Figure 11, TBoMS with N=4 outperforms that with N=2 or 8 and has about 0.7dB gain over single-slot TB.
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Figure 11: Initial BLER and throughput for N-slot TB with small TB size
In Figure 12, 32 PRBs per slot are used to achieve 1Mbps data rate. TBoMS with N=2 has slightly better performance than other N values. It has about 0.2dB gain over single-slot TB.
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Figure 12: Initial BLER and throughput for N-slot TB with large TB size
Observation 20 & 21:
· [bookmark: _Hlk68272026]TBoMS has greater gain over single slot transmission at low data rates than at high data rates. 
· TBoMS BLER performance doesn’t improve as the number of slots for a TB grows. There is a best number of slots for each PRB allocation.
Proposal 15:
· [bookmark: _Hlk68272035]As a starting point, consider 2 or 4 slots as the candidate numbers of slots for a TBoMS. 
Summary
In this contribution, we considered time domain resource allocation, ToT and RV, UCI multiplexing, TBS determination and other issues. 
Based on the discussion above, we have following proposals.
Proposals:
1. Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
2. The net gains and use cases of TBoMS support for special slot with different number of UL symbols than that in UL slot for the TB should be carefully studied prior to specifying it.
a. Such study should address how SRS and PUCCH can be transmitted as well as the performance of interference suppression when DMRS in a special or normal uplink slot is used for interference suppression in the other type of slot.
b. If specified, and performance gains are targeted for this case, a TB over consecutive UL symbols in special slot and the following UL slot can be based on PUSCH repetition type-B like TDRA.
3. TBoMS is transmitted using a single RV.
4. The need for repetition of TBoMS is further considered.
5. TBoMS is designed as a new feature, rather than a Type A PUSCH repetitions enhancement. 
6. Support continuous rate-matching of encoded bits across all transmitted slots of the TBoMS, regardless of the number of TOT(s) for a TBoMS.
7. If UCI multiplexing in TBoMS is supported, UCI can be multiplexed in the first slot of TBoMS, or repeated in all slots of TBoMS, if it has the same number of UL symbols in each slot. 
8. The resource determination of UCI multiplexing on TBoMS should be done prior to transmission of TBoMS, according to Rel-15/16 timelines for the first transmission of a PUSCH repetition. UE doesn’t expect gNB to schedule a new UCI transmission which overlaps in time with the ongoing transmission of TBoMS.
9. Approach 1 is used to calculate .
10. Option 1 is used to determine NohPRB, given the lower standardization effort needed.
11. Non-consecutive physical slots can be supported for TBoMS for paired spectrum.
12. If TBoMS with more than 2 slots is to be supported, TBoMS configuration uses the number of available slots, otherwise physical slots are used. 
13. When the number of symbols in each slot is the same for TBoMS,
a. If the number of physical slots is configured, use TDD UL/DL configuration for TBS determination
b. If the number of available slots is configured, TBS determination is according to the number of available slots.
14. RAN1 to discuss issues of DMRS, MCS, number of layers, CB segmentation and power control after agreements of Type-A or Type-B like TDRA and TOT for rate matching are reached.
15. As a starting point, consider 2 or 4 slots as the candidate numbers of slots for a TBoMS. 
References
[bookmark: _Ref53666297]RP-210855, “Revised WID on NR coverage enhancements”, China Telecom, 3GPP TSG RAN meeting #91e, March 16th – 26th, 2021.
R1-2103381, “Transport block processing for PUSCH coverage enhancements”, Nokia, 3GPP TSG RAN WG1 #104bis-e, April 12th – April 20th, 2021
[bookmark: OLE_LINK18]R1-2102314, “Discussion on TB processing over multi-slot PUSCH”, Huawei, 3GPP TSG RAN WG1 #104bis-e, April 12th – April 20th, 2021
R1-2103625, "Discussions on TB processing over multi-slot PUSCH", LG Electronics, 3GPP TSG RAN WG1 #104bis-e, April 12th – April 20th, 2021
[bookmark: _Ref71648557]R1-2105654, "Joint Channel Estimation for PUSCH", Ericsson, 3GPP TSG RAN WG1 #105-e, May 19th – May 27th, 2021
[bookmark: _Ref71648573]R1-2105657, "Other Coverage Enhancements for PUSCH", Ericsson, 3GPP TSG RAN WG1 #105-e, May 19th – May 27th, 2021
[bookmark: _Ref47688562][bookmark: _Ref47620963]Appendix 
Table 1: Basic setup for TBoMS
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· Waveform: DFT-s-OFDM

	UE speed
	· 3 km/h

	MCS table
	· Table 1 for PUSCH with transform precoding (q=2)

	DMRS configuration
	· Type 1, 2 DMRS symbols

	PUSCH duration
	· 14 symbols

	PRB num
	· 1 PRB

	Channel
	· TDL-C (NLoS), 300ns delay spread, medium correlation

	Antennas
	· 1T2R

	Function
	· Disable HARQ and Link adaptation

	Time domain
Resource allocation
	· TBoMS: Type-A like TDRA
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