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1	Introduction
In RAN1 #92b, the following agreements related to repetition-based PDSCH transmission were reached:
Agreement:
PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
· The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
· FFS: Values for k

Agreement:
Supporting repetition based PDSCH reception is a UE capability. 
· FFS: Details of capabilities and how they are signalled.

Agreement:
The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.

Agreement:
Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
· FFS on DCI content

Working assumption:
For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

In this paper, we provide some details on the following remaining aspects of repetition-based PDSCH transmission design:
1) PDSCH repetition across subframe boundaries.
2) Rate-matching behavior when K > 1
3) Dynamic TBS scaling to achieve low coding rates
4) Additional constraints for supporting repetition-based PDSCH transmission
5) Channel estimation using UE-specific RS. 
2	PDSCH Repetition across Subframe Boundary 
As already agreed, a single DCI is used to trigger a repetition-based transmission. The triggering DCI may be sent in any of TTIs within the repetition window, and indicates that a TB will be transmitted K times. Hence, for subslot TTI, in case K>1, and the number of sTTIs within the subframe is smaller than K, the transmissions cross the subframe boundary. In such a scenario, two cases should be considered:
· Case 1: Repetitions should be remained within the subframe boundary.
· Case 2: Repetitions can cross the subframe boundary.

In both cases, the behavior should be clearly defined. In particular, under Case 1, two options can be considered: (a) The UE is not expected to receive a K value in a given TTI that requires crossing the subframe boundary, and (b) if K is larger than the number of TTIs remained in the subframe, then the UE is only expected to receive the final transmission of a TB over the last sTTI of a subframe, i.e., the remaining PDSCHs are punctured.
If (a) is assumed, then besides the explicit K values, one additional value can be considered, which could indicate “transmissions until the end of the subframe”. This will be helpful in managing the number of repetitions more flexibly. As an example, consider the following cases:
· K = 1, 2, 4, X>4
· K = 1, 2, 4 and until the end of the subframe.

Now, if sDCI is received in sTTI#3, and 4 repetitions are needed, under the first case above, the eNB can only use K = 1 or 2 which may not be sufficient. However, with the second approach, the eNB can indicate “repetitions until the end of the subframe”, which guarantees 3 repetitions. 
Under (b), the transmissions continue only until the last sTTI of the subframe. For example, if DCI is received in sTTI#3 and K = 4, only 3 transmissions are expected by the UE. If the UE behavior is defined properly, (b) is equivalent to (a) with the option of indicating “until the end of the subframe”.
Proposal 1: In case the repetitions are not allowed to cross the subframe boundary, one of the two following options can be adopted:
· Option 1: K can indicate the repetitions until the end of the subframe boundary.
· Option 2: If K is larger than the number of remaining TTIs in the subframe, the UE only expects to receive as many PDSCHs as the number of TTIs remaining in the TTI, i.e., the UE assumed that the other repetitions are punctured. 

Under Case (2), the transmissions can cross the subframe boundary. However, in case CFI = 2 or 3, sTTI#0 is not available for PDSCH transmission. In this case, it should either be assumed that one transmission is punctured, i.e., the effective number of repetitions is K – 1, or that the transmissions are delayed by one sTTI. 
Proposal 2: When the repetitions can cross the subframe boundary, and the first sTTI of the next subframe is not available for PDSCH transmission, one of the following two options can be considered: 
· Option 1: The first transmission in the next subframe is punctured.
· Option 2: The first transmission is delayed by one sTTI.
3	Rate-Matching Behaviour when K>1 
For sTTI design, different semi-static and dynamic rate-matching modes are considered. When PDSCH repetition is configured, upon detecting the first DCI, the UE shall discard any PDSCH assignment for the sTTI of the same length. In other words, from the UE perspective, except for the first TTI within the repetition window, no DCI scheduling PDSCH is detected in other TTIs. As a consequence, the rate-matching behavior in the first TTI could be completely different from other TTIs. Thus, the rate-matching behavior in the remaining TTIs should be revised.
When rate-matching via L1-signaling is not configured, i.e., only semi-static modes are used, the behavior in the remaining TTIs could follow the rate-matching decision of the first TTI. As an example, assuming that rate-matching mode 1 is configured for an RB set, and the DCI is found in this RB set, the UE has to only rate-match PDSCH around the SCCEs used for sDCI transmission. In the other TTIs, the UE should follow exactly the same behavior, and assume that the PDSCH is not mapped to the SCCEs used in the first TTI for sDCI transmission. This will allow the eNB to transmit another copy of the DCI over the same SCCEs if needed.
Proposal 3: When a semi-static rate-matching is assumed for an RB set, the rate-matching behavior is identical across all TTIs within the repetition window.
On the other hand, if rate-matching via L1-signaling is used for repetition-based PDSCH transmission and configured, it should only be applied to the first TTI (i.e., naturally, the dynamic behavior is always assumed to be for one transmission opportunity.) In this case, following the current semi-static rate-matching modes (which are dependent on the presence/absence of DCI), the rate-matching behavior in the remaining TTIs for a given RB set will be either (1) rate-matching around the entire RB set, or (2) no rate-matching.
Proposal 4: When the rate-matching via L1-signaling is configured for a UE, the rate-matching behavior in the first TTI follows the indication in the DCI. In other TTIs, a configured behavior should be adopted; either the PDSCH has to rate-match around the entire RB set or the RB set is fully available.
Another aspect that should be looked at is the collision between one or multiple of TTIs within the repetition window with PBCH and synchronization signals. In such a case, one reasonable approach could be to rate-match PDSCH around PBCH/PSS/SSS only in the TTIs where the collision happens. However, if DMRS sharing is allowed, collision in TTI#n with DMRS will trigger rate-matching in other TTIs where the channel estimation is dependent on DMRS in TTI#n.
Proposal 5: If CRS-based TMs or DMRS based TMs without DMRS sharing are used, the PDSCH is rate-matched around PBCH/PSS/SSS only in the TTIs where the collision happens. In case of DMRS-based TMs with DMRS sharing, the collision in TTI#n, where DMRS is present, should trigger rate-matching in other TTIs which rely on the presence of DMRS in TTI#n for channel estimation.
4	Dynamic TBS Scaling to Achieve Low Coding Rates
Since MCS enhancement, i.e., introducing new entries or tables, are not within the scope of the WI in Rel. 15, dynamic TBS scaling could be used to reduce the coding rate. Currently, the lowest achievable coding rate in legacy LTE is about 0.1. In sTTI, since the number of resources and the TBS are both downscaled with the same factor, the minimum achievable coding rate remains the same. Hence, for reducing the coding rate, smaller TBS scaling factors as compared to the ones adopted for sTTI can be considered.
As an example, two values for subslot TTI, 1/6 and 1/12, and two values for slot TTI, 1/2 and 1/4, can be supported. With the addition of 1-bit indicator field in the DCI, one of them can be indicated to the UE. Hence, when K = 1, the sTTI scaling factors can be indicated. When K > 1, the additional scaling factor can be used to find the right balance between the number of repetitions and the resources used in the frequency domain.
Proposal 6: At least two TBS scaling factors can be considered for repetition-based PDSCH transmission. A TBS indication bit can be included in the DCI.   
5	Additional Constraints for Supporting Repetition-Based PDSCH Transmission
It is already agreed that the DCI will include an information field to indicate the total number of repetitions K. A small number of repetitions, e.g., K = 1 or 2, may be used for supporting services with less stringent latency and reliability requirements, or for small packets or users in good channel conditions. Larger values can be used for supporting services with stringent requirements, or larger packet sizes, or users in poor channel conditions. Hence, the value of K implicitly related to the range of the MCS table that can be used, the number of layers, HARQ processes, RVs, etc. As an example, if K = 4, then 64QAM and/or a 4-layer transmission is not desirable. 
Based on this observation, it can be concluded that some fields can be reserved as a function of K. Regardless of this approach, however, as agreed, the DCI sizes with different K values will remain the same.
Proposal 7: Some DCI fields can be reserved as a function of the repetition factor. 

6	Channel Estimation Using UE-Specific RS
In Rel. 15 sTTI, each TTI has either its own DMRS or rely on the presence of DMRS in another TTI. The reason for DMRS sharing was to reduce the overhead, thereby achieving a higher throughput. However, for URLLC applications, efficiency (high data rate communication) is not the main metric. Instead, the latency and reliability of the communication should be satisfied. 
For this reason, when K>1, it could be possible to transmit DMRS in every TTI in the window, such that the UE can combine the DMRSs from different TTIs to achieve a higher channel estimation quality. This can be done for transmissions with different TTI lengths (e.g., both slot and subslot TTIs.)
Proposal 8: DMRS in different TTIs within the window can be combined by the UE for improving the channel estimation quality.
7	Conclusions 
Proposal 1: In case the repetitions are not allowed to cross the subframe boundary, one of the two following options can be adopted:
· Option 1: K can indicate the repetitions until the end of the subframe boundary.
· Option 2: If K is larger than the number of remaining TTIs in the subframe, the UE only expects to receive as many PDSCHs as the number of TTIs remaining in the TTI, i.e., the UE assumed that the other repetitions are punctured. 

Proposal 2: When the repetitions can cross the subframe boundary, and the first sTTI of the next subframe is not available for PDSCH transmission, one of the following two options can be considered: 
· Option 1: The first transmission in the next subframe is punctured.
· Option 2: The first transmission is delayed by one sTTI.

Proposal 3: When a semi-static rate-matching is assumed for an RB set, the rate-matching behavior is identical across all TTIs within the repetition window.
Proposal 4: When the rate-matching via L1-signaling is configured for a UE, the rate-matching behavior in the first TTI follows the indication in the DCI. In other TTIs, a configured behavior should be adopted; either the PDSCH has to rate-match around the entire RB set or the RB set is fully available.
Proposal 5: If CRS-based TMs or DMRS based TMs without DMRS sharing are used, the PDSCH is rate-matched around PBCH/PSS/SSS only in the TTIs where the collision happens. In case of DMRS-based TMs with DMRS sharing, the collision in TTI#n, where DMRS is present, should trigger rate-matching in other TTIs which rely on the presence of DMRS in TTI#n for channel estimation.
Proposal 6: At least two TBS scaling factors can be considered for repetition-based PDSCH transmission. A TBS indication bit can be included in the DCI.   
Proposal 7: Some DCI fields can be reserved as a function of the repetition factor. 
Proposal 8: DMRS in different TTIs within the window can be combined by the UE for improving the channel estimation quality.
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