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Introduction
In RAN#90e, the following objective has been approved for NR coverage enhancement work item in NR Rel-17 for PUSCH:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
In this contribution, we discuss various aspects of TB processing over multi-slot PUSCH with focus on use cases, comparison with existing schemes, commonality with PUSCH repetition, different types of multi-slot TBS transmission, and TBS determination.
Discussion
Use cases of TB processing over multi-slot PUSCH
In NR Rel-15 and 16, transmission of a TB is determined by RE resources with 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 on each OFDM symbol, 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. 
As only a small number of PRBs are allocated in each slot, the data rate of services using a TB over multiple slots is not expected to be high, otherwise the advantage of increased power spectrum density is invalid. Since MTC services are out of scope of the WI, the feasible use cases of TB over multiple slot transmission are low data rate services, such as VoIP or 30 kbps data. Another factor to consider is latency. Compared with scheduling multiple PRBs in one slot, TB over multiple slots increases transmission latency and isn’t suitable for services with stringent latency requirement.
[bookmark: _Hlk61865953]Observation:
· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP or 30 kbps data. 
Proposal:
· Evaluate low data rate services, such as VoIP or 30 kbps data for simulations.
Performance evaluation for multi-slot TB design
In legacy network, as described above, a TB is composed of a number of PRBs in a slot. For simplicity, we call it one-slot TB. If the TB can’t be successfully decoded, Scheme 1 HARQ-based retransmission can be triggered. The network may schedule the same number of PRBs for the TB as for the initial transmission. While it improves PUSCH spectral efficiency, HARQ-based retransmission increases PDCCH overhead and may increase latency. Another possible solution to improve PUSCH performance is Scheme 2 PUSCH repetition. With one uplink grant, it can achieve the same effect as retransmission, if the number of repetitions is appropriate. HARQ-based retransmission can also be used for PUSCH repetitions. Both retransmission and PUSCH repetition extend time-domain resources and support multiple PRBs in a slot. The more frequency-domain resources are used, the higher data rate is, but the lower power spectrum density is. To utilize power domain benefit, network can schedule fewer number of PRBs per slot, like one PRB and schedule in multiple slots as is shown for Schemes 3 and 4. These schemes have higher power density at the cost of lower maximum data rate and larger latency. Schemes 1, 2, and 3 are legacy methods to improve PUSCH performance. Scheme 4, TB over multiple slots, combines the multiple slots used in Scheme 3, but with one TB. The comparison is summarized in Table 1 and illustrated in Figure 1. In Figure 1 we take an example of TB with four PRBs per slot for Schemes 1 and 2, and one PRB per slot for Schemes 3 and 4. 
Table 1: Comparison of different schemes
	Scheme name
	Power spectrum density
	Maximum data rate
	CRC overhead
	Scheduling PDCCH overhead
	Latency

	Scheme 1
	One-slot TB with HARQ-based retransmission
	Low
	High
	Low
	Low to medium, depending on if retransmission is needed.
	Medium to long, depending on if retransmission is needed.

	Scheme 2
	PUSCH repetition
	Low
	High
	Low
	Low
	Medium, if proper number of repetitions is used

	Scheme 3
	Multiple one-slot TB
	High
	Low
	High, one CRC per PRB
	High, one DCI per PRB
	Long

	Scheme 4
	Multi-slot TB
	High
	Low
	Low
	Low
	Long



[bookmark: _Hlk61865965]Observation:
· TB over multiple slots has a lower maximum data rate than Rel-15/16 one-slot TB with HARQ-based retransmission or PUSCH repetition but may have a lower CRC overhead or better channel estimation properties.
Proposal:
· To keep comparable PDCCH overhead, Rel-15/16 PUSCH repetition (including RV cycling) can be used as baseline for performance evaluation.


Figure 1: Comparison of different schemes
Commonality with PUSCH repetition
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. 
Rel-15/16 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. Multi-slot TBS transmission also requires mechanisms to determine time domain resources. Therefore, one way to reduce complexity in UEs that already support PUSCH repetition is to construct a multi-slot TBS transmission by combining PUSCH repetition time domain resource determination mechanisms with multi-slot transport block construction methods. 
[bookmark: _Hlk61865975]Observations:
· Rel-15/16 PUSCH repetition and TB over multiple slots have great commonality in terms of configuration and signaling of time domain resources, invalid symbol pattern.
Proposal:
· Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
Different types of TB over multi-slot PUSCH
In Rel-15, PUSCH repetition Type A allows a single repetition in each slot, with each repetition occupying the same symbols. PUSCH repetition Type B is supported in Rel-16, which allows back-to-back repetition of PUSCH transmissions. PUSCH repetition Type B allows the use of non-contiguous groups of UL symbols to form actual repetitions, improving spectrum efficiency and reducing latency. The mechanism of PUSCH repetition Type A and B can be referred to when designing multi-slot PUSCH.
For example, Type-A multi-slot PUSCH can occupy the same symbols in each of multiple slot of a TB. It can reuse the definition of S, L, K of PUSCH repetition Type A, with the only change being UL symbols across K slots constitute one TB. If L is less than 14, the symbols for the TB over multiple slots are non-contiguous, as shown in Figure 2. 


Figure 2: Type-A multi-slot PUSCH
As it is being discussed for enhanced PUSCH repetition Type A on the basis of UL available slot, the two options also need to be taken into consideration for TB over multiple slots. Option 1 is based on K physical slots. Option 2 is based on UL available slots. For Option 1, the TB spans from slot n to slot n+K-1. If among the slots, if a slot doesn’t have all L scheduled symbols available, the slot is omitted, as shown in Figure 3(a). With Option 2, only available slots are counted. Similar to the omission rule of Option 1, a slot with all L scheduled symbols available can be counted as an available slot. UE skips the unavailable slot until K slots are found for the TB. As shown in Figure 3(b), the last slot is postponed till slot n+K.


(a) Option 1 of Type-A multi-slot TB


(b) Option 2 of Type-A multi-slot TB
Figure 3: Option 1 and 2 of Type-A multi-slot PUSCH
In contrast, Type-B multi-slot PUSCH allows the use of multiple UL symbols across multiple slots. It can reuse the definition of S, K of PUSCH repetition Type B, but in Type-B multi-slot PUSCH K is the number of slots of a TB. UE uses all UL symbols in these slots starting from symbol S in the first slot to compose one TB. Number of UL symbols in each slot of the TB may differ, therefore, L the number of UL symbols in a slot is not needed. Figure 4 shows the example of Type-B multi-slot PUSCH with S=0. There are 0 and 4 UL symbols in slot n+1 and slot n+K-2. UE only uses the available UL symbols among the K slots for the TB.


Figure 4: Type-B multi-slot PUSCH
[bookmark: _Hlk61877206]The two options of counting physical slots or available slots can be used for Type-B multi-slot. With Option 1, UE can use all available UL symbols from the starting symbol S in slot n to the last symbol in slot n+K-1. With Option 2, UE can use UL symbols in the first slot and K-1 subsequent slots. The K-1 subsequent slots have all 14 symbols available.
Observation:
· The mechanism of PUSCH repetition Type A and B can be referred to when designing multi-slot PUSCH. 
· Type-A multi-slot PUSCH can reuse the definition of S, L, K of PUSCH repetition Type A, with the only change being that UL symbols across K slots constitute one TB.
· Type-B multi-slot PUSCH allows the use of contiguous UL symbols across multiple slots. It can reuse the definition of S and K of PUSCH repetition Type B, with K being the number of slots of a TB.
· The two options of counting physical slots or available slots can be used for Type-A and Type-B multi-slot.

TB size for multi-slot PUSCH depends on the number of UL symbols in multiple slots. If TB size is the same for Type A and Type B multi-slot TB, Type B may have shorter transmission latency then Type A. As shown in Figure 2 and Figure 4, Type B multi-slot TB uses contiguous UL available symbols and Type A has gap between UL symbols across multiple slots. For the same TB size, Type B multi-slot TB doesn’t necessarily have better coverage than Type A multi-slot. 
A problem with Rel-15/16 PUSCH repetition Type A and Type B is that the network may receive fewer than the configured number of repetitions when it comes to DL or invalid symbols. PUSCH repetition Type A has the whole repetition in the slot omitted. PUSCH repetition Type B is segmented around these symbols and has part of a nominal repetition omitted. Regarding the problem, this WI has decided to study methods to improve PUSCH repetition Type A in Agenda 8.8.1.1 and enhancements of PUSCH repetition Type B are not considered [1]. Considering the commonality with PUSCH repetition, Type A multi-slot TB can be prioritized. 
Observation:
· Enhancement to PUSCH repetition Type B is not considered in the Rel-17 NR coverage enhancement WID.

Proposal:
· Type A multi-slot TB can be prioritized, which occupies the same symbols in all the multiple slots of a TB. Type A with different number of symbols in different slots and Type B multi-slot TB can be further studied.
Rel-15/16 PUSCH repetition has one DMRS configuration, MCS index, layer, and PRB allocation across multiple repetitions. Similarly, the same configuration can be applied to multiple slots of a TB. New DMRS configuration, if needed, will be discussed in the Agenda 8.8.1.3 for cross-slot channel estimation in NR Rel-17 Coverage enhancement WI. To avoid duplicate discussion, a new DMRS configuration is not discussed for multi-slot PUSCH. This doesn’t preclude that cross-slot channel estimation can be considered for TB over multiple slots. 
Proposal:
· [bookmark: _Hlk61865987]The same DMRS configuration, MCS index, number of layers, and PRB allocation can be used for multiple slots of multi-slot PUSCH.
Some other issues are worth considering. One is the maximum number of slots for a TB. A larger number can filter the channel in time domain by joint channel estimation. But in a TDD network, there is generally a small number of contiguous UL slots. With a large number of slots for a TB, it is likely that a TB has to cross non-contiguous UL slots. This may undermine the benefit of joint channel estimation. Also, the decision on the maximum number of slots for a TB depends on if non-contiguous slots can be used for a TB.
In Rel-15/16, different RVs can be cycled among multiple PUSCH repetitions. Each PUSCH repetition, which is also a TB, has an RV. While for TB over multiple slots, one RV can be applied to all slots of a TB. If multiple RVs are to be used, the time-domain granularity of RVs needs further study.
Another question is whether PUSCH repetition can work for TB over multiple slots. If so, how PUSCH repetition Type A and Type B can work for multi-slot TB also needs consideration.
[bookmark: _Hlk61865994]Observation:
· Issues worth considering including whether non-contiguous slots can be used to form a multi-slot TB, one vs. multiple RVs for multiple slots of a TB, as well as whether and how PUSCH repetition can work for TB over multiple slots.
Proposal:
· RAN1 to decide if non-contiguous slots can be used for a TB.

TBS determination



In Rel-15/16, the transport block size is determined according to, 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 can’t be increased by increasing the number of slots. However, 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.
[bookmark: _Hlk61866005]Observation:
· 
TBS determination for multi-slot TB can reuse that used for a TB in one slot while redefining  as the number of symbols of the PUSCH allocation in all slots.

In NR Rel-15/16, a transport block can be segmented into multiple code blocks. CB segmentation is to avoid sending the correctly decoded data in retransmission. It is used for large TBS 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 CBG. The CBGTI field of the scheduling DCI indicates which CBGs are to be retransmitted.
As mentioned in Section 2.1, TB transmission over multiple slots is utilizes high power spectrum density by allocating small number of PRBs per slot. According to Rel-15/16, the TBS for one PRB in a slot is 24 bits with 3~4 DMRS symbols or 32 bits with 1~2 DMRS symbols. A multi-slot TB with one allocated PRB needs to span more than 100 slots to reach 3824, the Rel-15/16 threshold for CB segmentation. The latency of the transmission is unacceptable. Therefore, CB segmentation can be deprioritized for TB over multiple slots. Specifically, a maximum TBS of TB over multiple slots can be decided in RAN1 to avoid CB segmentation.
[bookmark: _Hlk61866012]Observation:
· Based on the Rel-15/16 method of determination of the number of CBs per TB, if CB segmentation is to be applied to TB over multiple slots, the latency caused by a large number of slots for a TB needs to be considered.
Proposal:
· CB segmentation is deprioritized for TB over multiple slots.
· RAN1 to decide a maximum TBS of TB over multiple slots to avoid CB segmentation.
Summary
In this contribution, we considered use cases, comparison with existing schemes, commonality with PUSCH repetition, different types and TBS determination of multi-slot PUSCH.
We have following observations based on the discussions.
Observations:
· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP or 30 kbps data. 
· TB over multiple slots has a lower maximum data rate than Rel-15/16 one-slot TB with HARQ-based retransmission or PUSCH repetition but may have a lower CRC overhead or better channel estimation properties.
· Rel-15/16 PUSCH repetition and TB over multiple slots have great commonality in terms of configuration and signaling of time domain resources, invalid symbol pattern.
· The mechanism of PUSCH repetition Type A and B can be referred to when designing multi-slot PUSCH. 
· Type-A multi-slot PUSCH can reuse the definition of S, L, K of PUSCH repetition Type A, with the only change being that UL symbols across K slots constitute one TB.
· Type-B multi-slot PUSCH allows the use of contiguous UL symbols across multiple slots. It can reuse the definition of S and K of PUSCH repetition Type B, with K being the number of slots of a TB.
· The two options of counting physical slots or available slots can be used for Type-A and Type-B multi-slot.
· Enhancement to PUSCH repetition Type B is not considered in the Rel-17 NR coverage enhancement WID.
· Issues worth considering including whether non-contiguous slots can be used to form a multi-slot TB, one vs. multiple RVs for multiple slots of a TB, as well as whether and how PUSCH repetition can work for TB over multiple slots.
· 
TBS determination for multi-slot TB can reuse that used for a TB in one slot while redefining  as the number of symbols of the PUSCH allocation in all slots.
· Based on the Rel-15/16 method of determination of the number of CBs per TB, if CB segmentation is to be applied to TB over multiple slots, the latency caused by a large number of slots for a TB needs to be considered.

Based on the observations and discussions, we have following proposals.
Proposals:
· Evaluate low data rate services, such as VoIP or 30 kbps data for simulations.
· To keep comparable PDCCH overhead, Rel-15/16 PUSCH repetition (including RV cycling) can be used as baseline for performance evaluation.
· Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
· Type A multi-slot TB can be prioritized, which occupies the same symbols in all the multiple slots of a TB. Type A with different number of symbols in different slots and Type B multi-slot TB can be further studied.
· The same DMRS configuration, MCS index, number of layers, and PRB allocation can be used for multiple slots of multi-slot PUSCH.
· RAN1 to decide if non-contiguous slots can be used for a TB.
· CB segmentation is deprioritized for TB over multiple slots.
· RAN1 to decide a maximum TBS of TB over multiple slots to avoid CB segmentation.
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