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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· 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 document, we focus on potential issues and the associated specification works for specifying this new feature in Rel-17.
Discussion
TB processing over multiples slots allows a single transport block to be transmitted on PUSCH resources across multiple slots (referred to as multi-slot TB in this document). When using resources across multiple slots for transmitting a single TB there are two possible choices for selecting the number of PRBs: 
1. The same number of PRBs can be allocated as in case the TBS is determined by the resource within a single slot (referred to as single-slot TB). In this case, the gain of multi-slot TB comes from the coding rate since the coding rate of multi-slot TB is smaller than the one of single-slot TB due to more allocated resource in time-domain.
2. A smaller number of PRBs can be allocated such that the coding rates in case of single-slot and multi-slot TB are the same. In this case, link budget gain is achieved thanks to the smaller noise power offered by the reduction of occupied bandwidth. 
As mentioned in the WID, there are two main aspects that need to be considered for specifying this new feature: (i) time-domain resource indication/determination across multiple slots and (ii) TBS determination based on the multi-slot resource. In addition, a triggering methodology needs to be specified in order to let gNB enable/disable the new feature for a given TB transmission.
[bookmark: _Ref61020781]Time-domain resource indication/determination for multi-slot TB transmission
The following options can be considered as a starting point for the discussion on time-domain resource indication/determination for multi-slot TB transmission:
Option 1: Define a time-domain window wherein all valid PUSCH symbols are used for multi-slot TB transmission.
This option defines a time-domain window, for instance of size , which includes a number of slots from the first to the last slot that include symbols (part or all) which are used for multi-slot TB transmission, i.e., including the case in which one or more slots between the first and last slot is/are not used for multi-slot TB transmission. Figure 1 shows an example of how  is calculated. This example depicts the S and U slot in a TDD frame structure, invalid symbols stand for the symbols that cannot be used for multi-slot TB transmission. These invalid symbols are configured by the gNB and can be the same as the invalid symbols configured for PUSCH repetition type B or they can be particularly configured for multi-slot TB transmission, further including the earlier scheduled PUSCH in the initial slot. 
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[bookmark: _Ref61037534]Figure 1. An example of using slot-bundle for multi-slot TB time-domain resource allocation.

For the indication of , it can be a fixed scalar associated with TDD frame structure, e.g.,  for DDDSU. 
Alternatively, it can be semi-statically configured for each row of the TDRA table such that when the multi-slot TB is enabled, the TDRA field will indicate both K2 and . In this case, the UE firstly determines the window using values of K2 and . Since all invalid PUSCH symbols are known by the UE, it can then use the remaining valid PUSCH symbols in the window (other than DL and invalid UL symbols) for multi-slot TB transmission. 

Option 2: Define a new PUSCH mapping type that allows L and S+L > 14.
This option firstly defines a novel PUSCH mapping type (e.g. type C) where values of  and  are specified such that  and , and where both  and  can be greater than 14 and   can be hardcoded in the specification or can be configured in RRC by the gNB, depending on the UE capability. With the new mapping type, the time domain resource is determined by the UE as follows:
· The gNB configures  and  independently with different RRC parameters per TDRA row for multi-slot TB with mappingType set to Type C. 
· The UE determines the allocated PUSCH resource by:
a) Taking  symbols starting from the symbol with index  in the slot indicated by K2 and using only the valid (available) UL resources that are not overlapping with downlink or invalid symbols within the L symbols for PUSCH.
b) Taking  valid symbols starting from the symbol with index  in the slot indicated by K2 for PUSCH.
Figure 2 shows examples of using new PUSCH mapping type for multi-slot TB time-domain resource allocation in Options 2a and 2b above. 
In this option, since the new mapping type defines the multi-slot (or multi-segments within a slot) resource, explicit indication of multi-slot TB transmission is not needed. In other words, the UE identifies that the multi-slot TB is enabled when the new mapping type (e.g. Type C) is configured. However, configuring the new mapping type on top of the available TDRA table may reduce the scheduling flexibility, i.e. reducing the number of rows that are needed for legacy PUSCH mapping types. Therefore, TDRA table may need to be extended in this case and, hence, one more DCI bit should be added to support this option (for the TDRA field, instead of using it as explicit indication of multi-slot TB transmission).
[image: ]
[bookmark: _Ref61255906]Figure 2. An example of using new PUSCH mapping type for multi-slot TB time-domain resource allocation.

Option 3: Reuse the time-domain allocation from PUSCH repetition type B.
One simple option is to exploit the PUSCH repetition type B time-domain resource indication/determination. Firstly, the time-domain resource allocation for PUSCH repetition type B can be applied to find the resource for actual PUSCH repetitions. Secondly, the back-to-back actual PUSCH repetition resources are aggregated to form aggregated PUSCH segments, which can then be used for multi-slot TB transmission as shown in Figure 3. Although the indication of number of repetitions for PUSCH repetition type B is tied to TDRA selection (as it is configured per row in the TDRA table), the size of the TDRA table has already been extended to 64 entries in Rel-16 which should provide enough flexibility for the indication of the total length of time-domain resource for multi-slot TB transmission.
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[bookmark: _Ref61264497]Figure 3. An example of reusing time-domain allocation of PUSCH repetition for multi-slot TB transmission.
From the above discussion, we propose the following:
[bookmark: _Toc61633959][bookmark: _Toc61879949]Proposal 1. For multi-slot TB transmission, RAN1 to down-select the following time-domain resource indication/determination options:
· Option 1: Define a time-domain window wherein all valid PUSCH symbols are used for multi-slot TB transmission. 
· FFS details of window indication.
· Option 2: Define a new PUSCH mapping type that allows L and S+L > 14;  valid symbols starting from the symbol with index  in the slot indicated by K2 are used for multi-slot TB transmission.
· Option 3: Reuse the time-domain allocation from PUSCH repetition type B.

TBS determination based on PUSCH resources across multiple slots
Since the multi-slot TB scenario uses resources across multiple slots, two issues may occur when applying the legacy TBS determination procedure on the new scenario: 
 calculation
In Rel-16, the number of REs allocated for PUSCH within a PRB () is calculated by:
.
For the multi-slot TB scenario, one can straightforwardly scale  and  by considering all PUSCH symbols allocated across multi-slots (for ) and all DM-RS symbols within the allocated resource (for ). In contrast, the determination of  is not straightforward. Indeed,  is currently semi-statically configured by the RRC parameter xOverhead in PUSCH-ServingCellConfig, with xOverhead in this case, or implicitly set to 0 if xOverhead is not configured. Therefore, to define  for multi-slot TB scenario, one may need to firstly define additional values for xOverhead, e.g. {6, 12, 18, A1, A2, … AN} where A1, A2, … AN are positive integer numbers larger than 18. 
[bookmark: _Toc61633924][bookmark: _Toc61879091]Observation 1. Since the length of multi-slot TB varies and can be greater than one slot, a single value of xOverhead that is semi-statically configured cannot be used for different possible lengths of multi-slot TB.
A new way of mapping each value in the set of xOverhead to a corresponding length of the multi-slot TB would also need to be identified. One possible straightforward approach would be to consider that the overhead is counted for the allocated REs. A natural consequence would then be to associate it with the actual number of PUSCH symbols that are allocated for multi-slot TB transmission, which can also be alternatively represented in actual number of slots allocated for multi-slot TB transmission. Suitable scaling of xOverhead with the resources allocated to the multi-slot TB transmission could be identified. Alternatively, different values of xOverhead could be defined and configured for different number of actual PUSCH symbols/slots.
[bookmark: _Toc61879950]Proposal 2. For multi-slot TBS determination, the UE determines the overhead for  calculation depending on both xOverhead and the resources allocated for multi-slot TB transmission, expressed in number of actual PUSCH symbols/slots.
· FFS: if the overhead is calculated by scaling the single slot xOverhead w.r.t. the resources allocated for multi-slot TB transmission or by configuring different values of xOverhead for different number of actual PUSCH symbols/slots.

 calculation 
In Rel-16, the total number of REs allocated for PUSCH () is defined as:
,
where nPRB is the total number of allocated PRBs for the UE, and 156 represents the maximum number of REs that can be allocated in a slot, i.e., 12*13. This reference number was specified assuming the case that a TB is confined to one slot (14 symbols). In multi-slot TB scenario, the reference number needs to be associated with the total actual number of PUSCH symbols across multiple slots that are used to convey the multi-slot TB. This can be done in several ways. For example, it may be calculated by subtracting to the number of REs inside the actual number of symbols used for transmitting the TB. Alternatively, it could be obtained by scaling 156 with the nominal number of allocated slots, the actual number of allocated slots, and so on. 
[bookmark: _Toc61879951]Proposal 3. For multi-slot TBS determination, the UE determines the reference number for  calculation depending on both xOverhead and the resources allocated for multi-slot TB transmission, expressed in number of actual PUSCH symbols/slots.
· FFS: how different multi-slot parameters and configurations are used to determine the reference number for  calculation in case of multi-slot TB transmission.

Indication method for enabling multi-slot TB transmission
In order to distinguish between multi-slot TB and the legacy single-slot TB transmission, the indication method should be applied per PUSCH scheduling/configuration. Two main options are identified:
· Option 1: Introducing a new field in the scheduling DCI (or an RRC parameter in case of configured grant) for the indication. This option is simple to be specified, however, the limitation of this approach is not only that it increases the DCI payload but also that the DCI field is not always useful for the UE, e.g. when the UE is not in coverage shortage. It may be observed that this feature could be applied for CE UEs, even when no coverage shortage is experiences. The relevance of this use case is not so clear, unless specific applications are considered, e.g., URLLC (which typically already make use of small packet size and low coding rate). 
· Option 2: Reusing some available field in the DCI (or an RRC parameter in case of configured grant) for triggering the feature. For example, some rows in the TDRA table can be implicitly associated (e.g. configured with a new PUSCH mapping type C) with multi-slot TB transmission and selected by TDRA field in the DCI. This option could limit the scheduling flexibility unless the TDRA table is extended. Therefore, it is suitable for Options 2 or 3 in Section 2.1. 
From the above discussion, it can be observed that each option has pros and cons and their applicability may depend on how the time-domain resource is indicated and determined, which need further discussion in RAN1.
[bookmark: _Toc61879952]Proposal 4. RAN1 to specify an indication method for enabling multi-slot TB transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method, including introducing a new field or reusing the available field in the scheduling DCI (or RRC parameter in case of configured grant configuration), e.g. some rows in the TDRA table are used to configure for multi-slot TB transmission.

Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to multi-slot TB processing and transmission in Rel-17. The following observations have been made:
Observation 1. Since the length of multi-slot TB varies and can be greater than one slot, a single value of xOverhead that is semi-statically configured cannot be used for different possible lengths of multi-slot TB.
In addition, the following proposals have been made:
Proposal 1. For multi-slot TB transmission, RAN1 to down-select the following time-domain resource indication/determination options:
· Option 1: Define a time-domain window wherein all valid PUSCH symbols are used for multi-slot TB transmission. 
· FFS details of window indication.
· Option 2: Define a new PUSCH mapping type that allows L and S+L > 14;  valid symbols starting from the symbol with index  in the slot indicated by K2 are used for multi-slot TB transmission.
· Option 3: Reuse the time-domain allocation from PUSCH repetition type B.
Proposal 2. For multi-slot TBS determination, the UE determines the overhead for  calculation depending on both xOverhead and the resources allocated for multi-slot TB transmission, expressed in number of actual PUSCH symbols/slots.
· FFS: if the overhead is calculated by scaling the single slot xOverhead w.r.t. the resources allocated for multi-slot TB transmission or by configuring different values of xOverhead for different number of actual PUSCH symbols/slots.
Proposal 3. For multi-slot TBS determination, the UE determines the reference number for  calculation depending on both xOverhead and the resources allocated for multi-slot TB transmission, expressed in number of actual PUSCH symbols/slots.
· FFS: how different multi-slot parameters and configurations are used to determine the reference number for  calculation in case of multi-slot TB transmission.
Proposal 4. RAN1 to specify an indication method for enabling multi-slot TB transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method, including introducing a new field or reusing the available field in the scheduling DCI (or RRC parameter in case of configured grant configuration), e.g. some rows in the TDRA table are used to configure for multi-slot TB transmission.
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