3GPP TSG-RAN WG1 Meeting #106bis-e	R1- 2110123
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]e-Meeting, October 11th – October 19th, 2021

Agenda Item:	8.8.1.2
Source:	Ericsson
Title:	TB Processing over Multi-Slot PUSCH
Introduction
In RAN#90e meeting, the following objective was been approved for the 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#106-e, some agreements and working assumptions were reached regarding TBoMS structure, TBoMS based on available slots, TBS determination and repetition of TBoMS. In this contribution, we discuss various aspects of TBoMS with focus on TBS determination, interleaving, UCI multiplexing as well as other issues. Link level simulations are provided to investigate performance of TBoMS under different conditions.  The performance of the frequency hopping pattern originally developed for joint channel estimation applications in [5] is investigated in our companion paper [4] for TBoMS.
Discussion
[bookmark: _Hlk68265639]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.

· 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.

· [bookmark: _Hlk71620616]Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
TBS determination
In RAN1#106-e, a working assumption on a single RV for the single TBoMS structure was agreed. TBS determination with K=N and repetition of a single TBoMS were also agreed, with the support of K<N left for further study. The corresponding working assumption and agreements can be found below. 
	Working Assumption
Single TBoMS structure of Option 3 is selected
· 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. 
Agreement 
To calculate   for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
FFS: whether further values 1<K<N are supported.
FFS: details related to the indication of .
Note: No supporting the case K=1 for a single TBoMS.
Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.


In NR Rel-15 and Rel-16, a single TB is transmitted in a slot, and its TBS is determined by the number of allocated REs in the slot. Without TB scaling, the number of REs for the transmission of the TB is identical to the one used for TBS determination. To improve the DL reception of Msg2, TB scaling with a scaling factor smaller than 1 can be applied in the calculation of Ninfo, reducing the code rate and transmitting more coded bits of the same RV continuously selected than when scaling factor is 1 for the same TBS. Besides scaling factor, NR Rel-15 and Rel-16 PUSCH/PDSCH repetition improves coverage thanks to a lower code rate by allocating more time domain resources. One major difference between TB scaling and repetition lies in that either a single RV or multiple RVs are used. Likewise, K<N for a single TBoMS with a single RV can be interpreted as the TBS of the TBoMS, determined by N slot, is scaled down with a factor K/N. Our simulation in section 2.7.3.3 shows TBoMS repetition with {N=2, M=4} and TBS scaling for TBoMS with {K=2, N=8} have the same performance. The repetition of TBoMS has been agreed in RAN1#106e, thus it is redundant to additionally support K<N for TBS determination.

· To calculate Ninfo for TBS determination, further values 1<K<N are not supported.
Interleaving
Bit selection and bit interleaving as the two steps of rate matching were decoupled during the discussion, with the former agreed with a single RV for a TBoMS as mentioned in section 2.1. The time unit of bit interleaving was not agreed yet, however among the following three options: Option b, bit interleaving per TOT, was precluded in RAN1#106e. In this section, we discuss Option a and Option c.
	In RAN1#105e
Agreement:
The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:
· Option a: Rate-matching is performed per slot;
· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;
· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X. 
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option)
In RAN1#106e
Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.
Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

[bookmark: OLE_LINK1]Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)


With one RV for a single TBoMS and the former agreement “The single RV is not constrained to have only the same coded bits in each slot or in each TOT”, the same coded bits are continuously selected for a TBoMS regardless of the time unit of rate-matching being a slot or all the allocated slots. Option a and Option c are illustrated in Figure 1. With Option c, UE performs rate matching for a TBoMS by interleaving all coded bits once, while Option a, per-slot rate matching, requires UE to perform rate matching N times for a TBoMS over N slots, namely all coded bits of the TBoMS are segmented into N parts and interleaved within each part.


Figure 1, different time units of rate-matching for TBoMS
Now we compare Option a and Option c in terms of 1) standard impact, 2) time diversity and 3) memory analysis.
1) standard impact
According to TS 38.212, bit selection and bit interleaving are defined per coded block (CB) as follows. 
	Denoting by  the rate matching output sequence length for the  -th coded block, where the value of  is determined as follows:
…
-	 is the total number of coded bits available for transmission of the transport block;
…
[bookmark: OLE_LINK6][bookmark: OLE_LINK8]The bit sequence  is interleaved to bit sequence , according to the following, where the value of  is the modulation order.


In Rel-15 and Rel-16, one rate matching is performed for a TB, if there is no CB segmentation. Otherwise, rate matching is performed for each CB. Transmission of the TB is in the sequential order of multiple CBs. As illustrated in Figure 2, TBoMS with Option c follows the same logic and can reuse the specification without any change needed. In this sense, “the transport block” in the definition of G refers to the TBoMS. For Option a, per-slot interleaving, if there is no CB segmentation, an additional segmentation of bit sequence  into N parts and concatenation of interleaved coded bits are needed as illustrated in the red block in Figure 2.

· TBoMS with Option c can reuse the current specification of rate matching. 

· Option a, per-slot rate matching, requires additional segmentation of bit sequence  and concatenation, if there is no CB segmentation.


[bookmark: OLE_LINK3]Figure 2, Option a without CB segmentation and Option c for rate matching of TBoMS
[bookmark: _Hlk76562787][bookmark: OLE_LINK24][bookmark: _Hlk76544413][bookmark: OLE_LINK23][bookmark: _Hlk76628200][bookmark: OLE_LINK68][bookmark: OLE_LINK9]In Rel-15 and Rel-16, CB segmentation happens when 1)  and , or 2) the quantized intermediate number of information bits  and . The number of CBs for a TB is implicitly determined by TBS. CB segmentation is necessary because LDPC’s Base Graph 1 and Base Graph 2 can process a maximum of 8448 and 3824 information bits respectively. The upper limit of the two LDPC base graphs still holds for TBoMS, and therefore CB segmentation is needed for TBoMS in order to reuse LDPC coding.
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. 

· CB segmentation is supported for TBoMS in order to reuse Rel-15/16 LDPC coding.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: _Hlk76552569][bookmark: _Hlk76562767]A problem for Option a, per-slot interleaving, is how to do rate matching if the number of slots for a TBoMS can’t be divided by the number of CBs. In other words, CB boundary doesn’t coincide with slot boundary. For example, a TBoMS over five slots contains two CBs. As illustrated in Figure 3, with option a, each CB is rate matched three times, and the TBoMS uses six slots for the actual transmission.


Figure 3, the actual TBoMS transmission, if the number of slots for a TBoMS can’t be divided evenly by the number of CBs

· If the number of slots for a TBoMS is not divided evenly by the number of CBs, per-slot rate-matching may lead to the actual transmission of the TBoMS in more slots than configured.
In the email discussion [2] during RAN1#106e, a solution for Option a to solve the problem was raised. Different from the legacy behavior, the transmissions of multiple CBs are not in a sequential order, but interlaced. Each CB has 1/N of its coded bits transmitted in each slot, where N denotes the number of allocated slots for the TBoMS. CB interlacing, i.e. concatenating ith 1/N part of all CBs in slot i, is shown in the red block in Figure 4, requiring extra standardization effort. A total of N*C times of rate matching are performed, where C denotes the number of CB. 

 
Figure 4, Option a with CB segmentation

· For Option a, with CB segmentation, if CB boundary doesn’t coincide with slot boundary, CB interlacing is needed to keep the transmission of the TBoMS within N slots, requiring extra standard complication and UE complexity. 
2) time diversity
A main motivation of interleaving is to increase time diversity to counteract fast or deep fading. If there is no CB segmentation for the TBoMS, time diversity stems from interleaving only. As shown in section 2.7.2.1, interleaving across all slots has better time diversity of 0.4 dB than per-slot interleaving with medium MCS and UE speed. With CB segmentation, CB interlacing adds more time diversity on top of per-slot interleaving. However, the first slot carries the systematic bits of all CBs, making it critical to decoding.

· Without CB segmentation, Option c, interleaving across all slots, has better time diversity than Option a, per-slot interleaving. With CB segmentation, CB interlacing, if used, adds more time diversity on top of Option a. However, the first slot carries the systematic bits of all CBs, making it critical to decoding.
[bookmark: OLE_LINK14]Collision handling is another factor to consider when determining the time unit of rate matching. In NR Rel-15 and Rel-16, UE may drop PUSCH repetition in a slot if collision happens, caused by e.g. Cancellation Indication, intra-UE higher priority transmission, or transmission of PUCCH repetitions. It was agreed in RAN1#106e that the transmission of TBoMS is based on available slots, and the UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules. In this sense, the larger the interleaving time unit is, the more robust the TBoMS is against dropping a slot among the multiple slots. Simulation results in section 2.7.2.2 show that interleaving per TBoMS has 0.7dB gain over interleaving per slot in the case of randomly dropping an UL slot.

· TBoMS based on available slot increases the possibility of dropping a slot. 

· A larger interleaving time unit makes the TBoMS more robust to the omission of transmission in one of the multiple slots.
3) memory analysis
Earlier in RAN1#104bis and RAN1#105e, a concern of rate matching over multiple slots was raised, as it requires UE to maintain encoding state across noncontiguous slots and puts extra burden on UE memory. Let's consider an UL TBS of 3840 bits and code rate of 1/5. The number of coded bits per code block is therefore at most 19.2 Kbits, namely 2.4 Kbytes. No matter how the interleaving is performed, it is unclear how the small size of a TB would impact UE complexity due to memory usage.

· No matter how the interleaving is performed, it is unclear how the small size of a TB would impact UE complexity due to memory usage.
[bookmark: OLE_LINK17]In a summary, Option c can reuse Rel-15/16 specification of rate matching, while Option a has large standard impact and performance degradation due to less time diversity. It is unclear how the small size of a TB would impact UE memory usage.

· [bookmark: _Hlk78982603]Rate matching is performed continuously across all the allocated slots for TBoMS, if CB segmentation doesn't occur. Otherwise, rate matching is performed for each CB once.
Repetitions of a single TBoMS
Support of repetitions of a single TBoMS was agreed in RAN1#106e. In this section, we discuss the FFS aspects.
	Agreement
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 
Agreement
TBoMS is supported for both configured grant and dynamic grant.


One aspect for further study is the possible values for N, the number of slots for a single TBoMS, and for M the number of TBoMS repetitions, and for the combinations of the two. As the simulation in section 2.7.3.1 shows, the combination of larger N and smaller M performs better because of lower MCS index. But the performance gain by doubling N and halving M shrinks with the increase of N and stops when N is 8 for a total of 16 UL slots. Therefore, an upper bound of N can be considered. {2, 4, 8} can be considered for the candidate numbers of slots for a single TBoMS.

· [bookmark: _Hlk83977785]{2, 4, 8} can be considered for the candidate numbers of slots for a single TBoMS.
It is FFS regarding how RV cycling is done across repetitions of a single TBoMS. Our view is that the RV determination for PUSCH repetitions can be used as a starting point. Each PUSCH repetition uses a single RV, and RVs are cycled across repetitions. NR Rel-15/16 supports RV pattern {0, 2, 3, 1} for PUSCH repetition with dynamic grant and three patterns {0, 2, 3, 1}, {0, 3, 0, 3}, {0, 0, 0, 0} for PUSCH repetition with configured grant. In 8.8.1.1 AI, it was agreed in RAN1#105e that RV cycling is based on available slots with the following agreement.
	Agreement:
· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.


Similar agreements have been made for TBoMS, including “The number of slots allocated for TBoMS is counted based on the available slots for UL transmission” and “TBoMS is supported for both configured grant and dynamic grant”, so the methods of RV cycling for PUSCH repetition based on available slots can be reused for repetition of a single TBoMS, with the difference being one RV applied to a single TBoMS. Simulation results in section 2.7.3.2 shows RV cycling with {0, 2, 3, 1} outperforms pure repetition of RV {0, 0, 0, 0} by 1.5 dB.

· [bookmark: _Hlk83977774]The methods of RV cycling for PUSCH repetition based on available slots can be reused for repetition of a single TBoMS, with the difference being one RV applied to a single TBoMS.
Another aspect for further study is how frequency hopping should be supported for TBoMS. Therefore, the performance of the frequency hopping pattern originally developed for joint channel estimation applications in [5] is investigated in our companion paper [4] for TBoMS.
0. RRC configuration
In NR up to Rel-16 there is only one type of PUSCH transmission, i.e. PUSCH repetition. The transmission of a TB without repetition is included in PUSCH repetition with n1 as a possible value for numberOfRepetitions in the Rel-16 TDRA table. The choice between PUSCH repetition Type A and PUSCH repetition Type B is indicated by a higher layer parameter.
Similarly, TBoMS without repetition can be treated as one case of TBoMS repetition. For brevity, the term TBoMS in this section includes TBoMS with and without repetition. In Rel-17, gNB determination of UL transmission type between TBoMS and PUSCH repetition can be indicated by higher layers with the following as an example, as both are independent features to improve UL coverage. 
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	Description
	Value range

	TB processing over multi-slot PUSCH
	 [PUSCH-Config]
	TBoMS
	Enabling/disabling of a transport block over multiple slots
	ENUMERATED {enabled, disabled}




· [bookmark: _Hlk83977800]For a UL grant, the transmission type between TBoMS and PUSCH repetition can be indicated by higher layers.
In the post RAN1#106 email discussion [3], it was discussed whether only one Rel-17 TDRA list is defined, or separate TDRA lists are defined for Rel-17 repetition and TBoMS. NR Rel-15 and Rel-16 follow the principle of one TDRA list per release. The Rel-16 TDRA list can support PUSCH repetition Type A, PUSCH repetition Type B and multiple PUSCH with some fields conditionally present or absent. The Rel-17 TDRA list(s) needs to support Rel-17 enhanced PUSCH repetition and TBoMS. Given the commonality between the two features, one Rel-17 TDRA list can suffice for both features.

· [bookmark: _Hlk83977806]Only one Rel-17 TDRA list is defined for Rel-17 repetition and TBoMS.
If TBoMS is enabled by higher layers, the possible values of N, the number of slots for a TBoMS are larger than 1. This is in accordance with the agreement that K=1 is not supported for a single TBoMS, and K≤N. However, one restriction is that such N values for TBoMS don’t allow a dynamic scheduling between a single-slot TB without repetition and TBoMS. For an example of TBoMS scheduled with Type 2 configured grant, if gNB wants to change the UL transmission to a single-slot TB, additional RRC signaling on TDRA of PUSCH repetition is needed. The signaling can be lessened, if n1 is allowed for N. Then gNB just deactivates the current configured grant for TBoMS and activates that for a single-slot TB in the same TDRA list by DCI command.

· [bookmark: _Hlk83977845]Resource allocation of a single-slot TB without repetition can be configured in the TDRA list of TBoMS.
R17 dropping rule for UL transmission based on available slots
A two-step procedure was agreed for the Rel-17 PUSCH repetitions, which is reused for the transmission of TBoMS is based on available slots. The second step for collision handling between the overlapping UL channel/signal is performed after the determination of available slot. The Rel-17 PUSCH dropping rules are for further study, including the collision between PUCCH repetition and TBoMS, and the collision among UL transmissions based on available slots.
	Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)


In NR Rel-15 and Rel-16, if PUCCH repetition overlaps with PUSCH repetition, the latter is dropped in the overlapping slots without deferral. The collision between PUCCH repetition and TBoMS or repetitions of TBoMS also needs consideration. Regarding the commonality between PUSCH repetition and TBoMS, PUCCH repetition can override the time-domain overlapping transmission of a single TBoMS or repetitions of TBoMS.

· [bookmark: _Hlk83977860]Rel-17 PUSCH dropping rules include PUCCH repetition can override the transmission of a single TBoMS or repetitions of TBoMS in the overlapping slot(s).
[bookmark: _Hlk77064951]In NR Rel-17, in addition to TBoMS, several other UL transmissions are also based on available slots, including Type A PUSCH repetition enhancement option 2, enhancements of SPS HARQ-ACK, A-SRS with the latter two discussed in NR IIoT WI and FeMIMO WI respectively. As we know, SPS HARQ-ACKs can be multiplexed to a time-overlapping PUSCH if they are of the same physical priority index and the timeline checks pass. Otherwise, they have to be transmitted separately. SRS can’t be transmitted simultaneously with PUSCH. Therefore, it needs to be solved on how a UE handles the collision if one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals. To solve this issue, a solution based on priority similar to Rel-15/16 PUSCH omission rules can be used. Namely, define the priority of the multiple UL transmissions, for example based on physical layer priority and/or the time order of corresponding UL grants. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 

· [bookmark: _Hlk71539726][bookmark: _Hlk83977872][bookmark: OLE_LINK2]Rel-17 PUSCH dropping rules include the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (including TBoMS, Type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK). RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot.
UCI multiplexing in TBoMS
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, and the time unit of rate matching is larger than a slot, the complexity of PUSCH rate matching, e.g. bit interleaving, increases. However, in such case puncturing UCI into one of the multiple slots of a TBoMS doesn’t increase in UE complexity of rate matching.
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. 

· If UCI is multiplexed in one slot of a TBoMS by rate matching, and the time unit of rate matching is larger than a slot, UCI multiplexing by rate matching around PUSCH in slots other than the first one of the TBoMS increases UE complexity.
· If UCI is multiplexed in one slot of a TBoMS by puncturing, it doesn’t increase UE complexity of rate matching.

· [bookmark: _Hlk71621211]If UCI multiplexing in TBoMS is supported, HARQ-ACK can be included in any overlapping slot by puncturing, and CSI or HARQ-ACK can be repeated in all slots of a TBoMS. 
[bookmark: _Hlk61866012]Other issues
[bookmark: _Hlk68628033][bookmark: _Hlk68269396]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.

· [bookmark: _Hlk83977887]Non-consecutive physical slots can be supported for TBoMS for paired spectrum.
Number of layer(s)
Similar to PUSCH repetition Type A, a restriction of single-layer transmission can be considered for Type-A like TBoMS.

· [bookmark: _Hlk83977892]TBoMS is transmitted with a single layer.
Unit of retransmission
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]NR Rel-15/16 supports both CBG-based and TB-based retransmission. CBG-based or TB-based transmission is configured by RRC. In NR Rel-15/16, one or multiple CBs can form a CBG, if code-block-group (CBG) based transmission is enabled by RRC. CBG is the unit of retransmission in order to avoid sending the successfully decoded CBGs. The number of CBGs for a TB is no larger than the number of CBs determined by TBS, so that each CBG contains at least one CB. 
As mentioned in section 2.2, CB segmentation is supported for TBoMS in order to reuse Rel-15/16 LDPC coding. 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/CBGs, the benefit of reduced payload by CBG-based retransmission decreases for TBoMS.
It was proposed that slot-based retransmission can be considered for TBoMS, namely UE can be indicated with the index of one or multiple slots of the TBoMS for retransmission. This is similar to CBG-based transmission, where the UE is indicated which specific CBG is to be retransmitted. However, for TBoMS, one CBG may not fit exactly into one or multiple slots. As illustrated in section 2.2, one of the multiple CBs for a TBoMS may not fit into the integer number of slots, so is the case for a CBG which contains one or multiple CBs. Therefore slot-based retransmission is different from and can’t reuse directly CBG-based transmission. The benefit and standard impact of slot-based retransmission for TBoMS needs study.

· [bookmark: _Hlk83977935]Only TB-based retransmission is supported for TBoMS.
Power control
In NR Rel-15 and Rel-16 UE determines UL transmission power in each transmission occasion. Transmission occasion  is defined by a slot index  within a frame with system frame number , a first symbol  within the slot, and a number of consecutive symbols . A decision is needed on if transmission occasion of power determination for a TBoMS is one or all slots of a TB. 
If not for joint channel estimation, there is no power consistency requirement imposed on TBoMS. If the transmission occasion is to reuse the allocated symbols in a slot, it is backward compatible and needs small standardization effort. For example, how to calculate BPRE in each slot. With joint channel estimation, the time span to keep UE power consistency is up to the configured time-domain window, which can be no longer than the whole transmission span of the TBoMS. Therefore, even with joint channel estimation, it is excessive to keep the same transmission power across the multi-slot transmission by setting the transmission occasion for TBoMS power determination as all slots of the TB. In addition to the issue of BPRE, this scheme causes other possible issues including how to handle the updated pathloss estimation and group-common TPC command amid UL transmission. 

· [bookmark: _Hlk83977939]Reuse Rel-16 transmission occasion of power determination for TBoMS.
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. 

· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP and low rate data. 
Performance of TBoMS with single or multiple RVs
In this section, we compare the performance of Option 3 TBoMS with a single RV and Option 4 TBoMS with multiple RVs. In both schemes, the TBoMS is over four UL slots, TBS is determined by all slots of the TBoMS, and the same MCS index is used. Other simulation parameters can be found in section 5. Option 3 has about 0.5dB performance gain over Option 4 with RVs cycling per slot, as shown in Figure 5-a. The reason for the performance gap is that part of the coded bits transmitted in slot 1 and slot 3 are overlapping in the multi-RV scheme, as shown in Figure 5-b.
[image: 图表
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Figure 5-a, one RV vs. RV cycling for a TBoMS of 4 slots
 
Figure 5-b, rate matching of coded bits for different RV schemes

· [bookmark: _Hlk83977983]The working assumption of a single RV for a single TBoMS is confirmed.
Performance of TBoMS with different interleaving time units 
In this section, we compare the performance of different time units of interleaving, including per-slot interleaving and interleaving across all allocated slots for a TBoMS. The TBoMS is based on a single RV. 
TBoMS with medium MCS and UE speed 
In this section, the scenario of different interleaving time units in medium MCS and UE speed is considered. The TBoMS is transmitted in eight UL slots with one PRB per slot. MCS 10 is used, and UE speed is 30 km/h. In this case, interleaving across all slots outperforms per-slot interleaving by 0.4 dB. The reason is interleaving per TBoMS has more time diversity especially when interleaver length increases. 
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Figure 6, Interleaving with different time unit for TDD mode

· For TBoMS with a single RV, in medium MCS and UE speed case, interleaving per TBoMS also can provide better time diversity than per-slot interleaving by 0.4dB.  
Randomly dropping a slot of TBoMS
In this section, we consider the case that transmission in one slot is dropped randomly among the four slots. 4-UL-slot TBoMS is considered with two PRBs in one slot and MCS 3. Lifting size of LDPC is 72, thus systematic bits are from C1-C576 and parity bits from C577-C3600. In each UL slot, 576 coded bits can be transmitted. 
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Figure 7, transmission of one slot in the TBoMS is randomly dropped
Figure 7 shows the performance of interleaving per TBoMS has 0.7dB gain over interleaving per slot in the case of randomly dropping one UL slot. Table 1 shows the dropped coded bits in the dropped slot with different interleaving time units. Obviously, for interleaving per slot, if the first slot is dropped, all the systematic bits may lose which causes the worst decoding performance. For interleaving per TBoMS, only half systematic bits are lost if slot #1 or slot #2 is dropped. Thus, interleaving per TBoMS is more robust for TBoMS. 
Table 1, the dropped coded bits for different interleaving time units
	
	Interleaving per slot
	Interleaving per TBoMS

	Dropping slot #1
	C1-C576 coded bits
	C1-C288, C1153-C1440 coded bits

	Dropping slot #2
	C577-C1152 coded bits
	C289-C576, C1441-C1728 coded bits

	Dropping slot #3
	C1153-C1728 coded bits
	C577-C864, C1729-C2016 coded bits

	Dropping slot #4
	C1729-C2304 coded bits
	C865-C1152, C2017-C2304 coded bits




· For TBoMS with a single RV, interleaving across all slots of a TBoMS is more robust than per-slot interleaving and provides 0.7dB gain in case that the transmission in one slot is randomly dropped.
[bookmark: _Hlk68272026]Performance of TBoMS repetition
In this section, we compare the performance of TBoMS repetition, including configuration combinations of repetition numbers and the number of slots for a single TBoMS, RV pattern and a comparison between TBoMS with repetition and TBS scaling for TBoMS. 
TBoMS with different repetition numbers   
Figure 8 compares the performance of four combinations of {N, M}, all over the same number of UL slots. N denotes the number of slots for a single TBoMS, and M the repetition number for TBoMS. The interleaving is performed per single TBoMS. The occupied physical resources and TBS of four combinations are almost aligned for a fair comparison, where the peak throughput is about 110 Kbps. MCS index increases with larger repetition factor. {N=8, M=2} and {N=16, M=1} have almost the same performance. {N=2, M=8} and {N=4, M=4} have 4 dB and 1 dB loss compared with the other two combinations.
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Figure 8, configure different N and M with fixed physical resources and throughput 

· The combination of larger N and smaller M performs better. But the performance gain by doubling N and halving M shrinks with the increase of N and stops when N is 8 for a total of 16 UL slots.
TBoMS with repetition for different RV sequences
Figure 9 shows the performance of different RV sequences. A two-UL-slot TBoMS with four repetitions is configured for three RV sequences. RV sequence {0,2,3,1} has 1.5 dB and 0.8 dB gain over RV sequence {0 0 0 0} and {0 3 0 3} respectively. The reason of performance gap is RV sequence {0,2,3,1} can transmit the most different coded bits and bring the best soft combining in RX side. 
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Figure 9, TBoMS with repetition using different RV sequences 

· RV cycling outperforms pure repetition of RV {0, 0, 0, 0}.
Comparing TBoMS with repetition and TBS scaling factor (K<N) 
Figure 10 shows the performance of TBoMS with repetition and TBS scaling factor. Two PRBs are used in each slot. The interleaving time unit is per single TBoMS. For TBoMS with repetition, we consider a single TBoMS over two UL slots with four repetitions. The RV sequence is {0,2,3,1}. For TBS scaling factor in TBoMS, TBS calculation is based on K=2 and N=8. The results show that TBoMS with repetition and TBS scaling factor for TBoMS have the same performance in this scenario. 
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Figure 10, TBoMS with repetition versus TBS scaling factor

· TBoMS repetition with {N=2, M=4} and TBS scaling for TBoMS with {K=2, N=8} have the same performance. 
Summary
In this contribution, we have considered various aspects of TBoMS with focus on TBS determination, interleaving, UCI multiplexing as well as other issues. Link level simulations were provided to investigate performance of TBoMS under different conditions.
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. To calculate Ninfo for TBS determination, further values 1<K<N are not supported.
3. CB segmentation is supported for TBoMS in order to reuse Rel-15/16 LDPC coding.
4. Rate matching is performed continuously across all the allocated slots for TBoMS, if CB segmentation doesn't occur. Otherwise, rate matching is performed for each CB once.
5. {2, 4, 8} can be considered for the candidate numbers of slots for a single TBoMS.
6. The methods of RV cycling for PUSCH repetition based on available slots can be reused for repetition of a single TBoMS, with the difference being one RV applied to a single TBoMS.
7. For a UL grant, the transmission type between TBoMS and PUSCH repetition can be indicated by higher layers.
8. Only one Rel-17 TDRA list is defined for Rel-17 repetition and TBoMS.
9. Resource allocation of a single-slot TB without repetition can be configured in the TDRA list of TBoMS.
10. Rel-17 PUSCH dropping rules include PUCCH repetition can override the transmission of a single TBoMS or repetitions of TBoMS in the overlapping slot(s).
11. Rel-17 PUSCH dropping rules include the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (including TBoMS, Type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK). RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot.
12. If UCI multiplexing in TBoMS is supported, HARQ-ACK can be included in any overlapping slot by puncturing, and CSI or HARQ-ACK can be repeated in all slots of a TBoMS. 
13. Non-consecutive physical slots can be supported for TBoMS for paired spectrum.
14. TBoMS is transmitted with a single layer.
15. Only TB-based retransmission is supported for TBoMS.
16. Reuse Rel-16 transmission occasion of power determination for TBoMS.
17. The working assumption of a single RV for a single TBoMS is confirmed.
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Table 1: Basic setup for TBoMS
	[bookmark: _Hlk83805646]System
	· Carrier frequency 700MHz/4GHz
· 15 kHz SCS/30 kHz SCS
· FDD/TDD
· Waveform: DFT-s-OFDM
· TDD pattern: DDSUU

	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
	· 2 PRBs in one slot

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

	Antennas
	· 1T2R for FDD/1T4R for TDD

	Function
	· Disable HARQ and Link adaptation

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