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1	Introduction
In RAN#83 the new WI on physical layer enhancements for NR URLLC was approved [1]. One objective of the WI is specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH, in particular the following kind of PUSCH scheduling:
o	For a transport block, one dynamic UL grant or one configured grant schedules two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots
Some progress has been made for PUSCH enhancements, see agreements in the Appendix, from here on referred to as Rel-16 PUSCH transmission scheme. In this contribution we discuss the open issues for supporting this scheme.
[bookmark: _Ref178064866]2	Interaction of enhanced PUSCH with UL/DL directions
The interaction between Rel. 16 PUSCH transmission scheme with UL/DL directions is more involved than in Rel. 15, since by design the enhanced PUSCH is allowed to be split into smaller segments when splitting between UL and DL directions. Therefore we foresee scheduling of PUSCH that overlaps with DL symbols where the UE is not expected to just drop the PUSCH. We start by analyzing the Rel. 15 behavior as summarized by Nokia on the RAN1 reflector below:
	Summary of Rel-15 behavior
· For DG PUSCH and the first PUSCH after Type 2 CG activation DCI
· Regardless of whether dynamic SFI is configured or not, 
· The case without repetition: no conflict with semi-static DL symbol is expected.
· The case with repetitions: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· If dynamic SFI is configured,
· DG
· The case with and without repetition: follow the dynamic grant. No conflict with dynamic DL symbols is expected.
· The first PUSCH after Type 2 CG activation DCI
· The case with and without repetition: follow the activation DCI. No conflict with dynamic DL/flexible symbols is expected.
· For CG PUSCH (other than the first PUSCH after Type 2 CG activation DCI)
· If dynamic SFI is not configured, 
· The case with and without repetition: if a repetition conflicts with a semi-static DL symbol, the repetition is not transmitted.
· If dynamic SFI is configured and received,
· The case with and without repetition: if a repetition conflicts with a dynamic DL/flexible symbol, the repetition is not transmitted.
· If dynamic SFI is configured and not received,
· The case with and without repetition: if a repetition conflicts with a semi-static DL/flexible symbol, the repetition is not transmitted. (there is some timeline defined.)



We note that the Rel. 15 SFI behavior together with the RV determination satisfy the following:
[bookmark: _Ref24142238][bookmark: _Toc24154256]In Rel. 15, if the UE fails to detect an SFI transmission, only the repetitions modified by this SFI are affected. Other repetitions keep the same length and RV.
Depending on the outcome of other discussions related to PUSCH, this might not be true for enhanced PUSCH.
An example is if RV is cycled in every actual repetition. If a nominal repetition becomes segmented due to dynamic SFI, then there will be a mismatch between UE and gNB for all later repetitions if the UE misses a dynamic SFI. Similar problems can occur if the TBS is determined from the allocation of a repetition that is split due to dynamic SFI. Based on this discussion, we propose the following:
[bookmark: _Toc24154287]Missed detection of SFI should only affect nominal PUSCH repetitions in symbols overlapping with those indicated by the missed SFI. The RVs of other transmissions should not be affected. The TBS should also not be affected.
If the outcome of the discussions about TBS determination AND RV determination Result in the TBS and RV for Rel. 16 PUSCH transmission scheme not depending on SFI we prefer the following behavior:
[bookmark: _Toc24154288]For DG PUSCH, if dynamic SFI is not configured, semi-static flexible symbols in the resources scheduled by DCI are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
[bookmark: _Toc24154289]For CG PUSCH, if dynamic SFI is not configured, semi-static flexible symbols in the scheduled resources are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
[bookmark: _Toc24154290]If TBS and RV for Rel. 16 PUSCH transmission scheme do not depend on dynamic SFI, for both DG and CG PUSCH (including all the repetitions) activated by an UL grant, if dynamic SFI is configured and received, dynamic flexible symbols in the scheduled resources are not used for PUSCH and segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols (option 2-1).
[bookmark: _Toc24154291]If TBS and RV for Rel. 16 PUSCH transmission scheme do not depend on dynamic SFI, for both DG and CG PUSCH (including all the repetitions) activated by an UL grant, if dynamic SFI is configured and not received, semi-static flexible symbols in the scheduled resources are not used for PUSCH and segmentation occurs around semi-static DL symbols and semi-static flexible symbols.
Proposal 6 differs from the behavior suggested in the conclusion from RAN1#98 for option 2. The suggested behavior in the conclusion is to drop a repetition if it conflicts with a semi-static flexible symbol, but this may not be desirable. Consider a nominal repetition that crosses a slot boundary, where all symbols in the first slot are semi-static flexible symbols, and all symbols in the second slot are semi-static UL symbols. In this case the nominal repetition would be dropped following the suggested behavior from RAN1#98. We prefer instead to segment and transmit the repetition in the second slot. See Figure 1 below.
[image: ]
[bookmark: _Ref21392233]Figure 1: Behavior if dynamic SFI is configured but not received.
The behavior proposed in these proposals is similar to Rel. 15 behavior. However, if RV or TBS depends on dynamic SFI we prefer option 1-1 in order to avoid error cases.
[bookmark: _Toc24154292]If TBS, or RV for Rel. 16 PUSCH transmission scheme depends on dynamic SFI, option 1-1 is used for DG and option 1-2 is used for CG PUSCH.
2.1 PUSCH collision with UL transmissions from other UEs
Since each PUSCH repetition occurs in back-to-back symbols (discounting any symbols which are used for DL) it is not possible to avoid PUCCH and SRS transmissions from other UEs by scheduling a shorter PUSCH transmission, unlike the slot aggregation used in Rel. 15. Furthermore, it is not possible to MMSE-IRC to suppress the interference from PUSCH to other signals unless a channel estimate for those signals is available. A channel estimate will not be available for SRS, and most likely not for PUCCH either, since the PUSCH will likely collide with the PUCCH DMRS.
[bookmark: _Toc24154257]Using MMSE-IRC to suppress PUSCH interference to SRS and PUCCH is not possible in general.
Therefore a mechanism is needed to make the PUSCH avoid colliding with other symbols.
[bookmark: _Toc24154293]Introduce a mechanism for avoiding collision between a PUSCH repetition and signals from other UEs.
Another possible signalling mechanism is to use a dynamic SFI transmitted using DCI Format 2_0 to indicate to the UE transmitting PUSCH that some symbols are not to be used for UL. This solution has some issues however. The first is that DCI Format 2_0 is a group common DCI format intended for a group of UEs. If the UE transmitting PUSCH and the UE transmitting the other signal both monitor the same DCI format, then neither signal will be transmitted on signalled symbols. Even if this can be solved by assigning UEs to different groups, a bigger problem is that which resources the PUSCH transmission occupies depends on whether the URLLC UE correctly decodes the SFI or not. This introduces an additional error event. Ensuring that the error probability of the SFI is small enough requires using scarce control channel resources to signal SFI reliably.
[bookmark: _Toc24154258]Using SFI to avoid collision between PUSCH and PUCCH/SRS increases error probability and requires reliable SFI transmission.
For this reason we prefer that the resources to avoid are signalled in the DCI scheduling the PUSCH, or in RRC if CG Type 1. For PDSCH the similar problem of how to avoid LTE CRS resources, or CORESETs belonging to other UEs was solved by introducing reserved resources. Sets of reserved resources can be configured, and the gNB can dynamically indicate if the PDSCH is rate-matched around these resources. A similar solution can be used for PUSCH, where sets of OFDM symbols can be configured and a dynamic indication can be used to indicate whether the UE should transmit PUSCH on these symbols or not. In particular, we propose to introduce up to two configurable patterns. The patterns can be configured to match a set of PUCCH resources, SRS transmissions, or a set of OFDM symbols. Each configurable pattern can be indicated in DCI. If this DCI bit is set to 1, the UE treats all OFDM symbols in the patterns as unavailable for PUSCH transmission, and segments around them.
[bookmark: _Toc24154294]Use reserved resources in the UL to avoid collisions between PUSCH repetitions and other UL signals.
2.2 Handling of orphan symbols
The question has been raised on how to handle PUSCH segments of short length when using Rel. 16 PUSCH transmission scheme. We note that in Rel. 15 it is already possible to transmit a PUSCH of length L = 1 OFDM symbol. If transform precoding is not used, and if PUSCH length is two symbols or less, then data is multiplexed with DMRS on REs not used for DMRS, or for CDM with DMRS from other users.
[bookmark: _Toc24154259]Rel. 15 supports PUSCH of length 1 OFDM symbol.
Even if the code rate of the data transmitted on these orphan symbols is high, the demodulated soft values can be soft combined with soft values from other repetitions to improve the block error rate. Even if no data is transmitted on the orphan symbols, as in the case of transform precoding, the DMRS on these symbols can be used to improve the channel estimate.
[bookmark: _Toc24154260]Data and DMRS transmitted on orphan symbols are useful for improving the block error rate.
Based on this, and the fact that orphan symbols often can be avoided by the scheduler, we prefer to not introduce any special handling for orphan symbols.
[bookmark: _Toc24154295]Do not introduce any special handling for orphan symbols.
3	RV determination for nominal repetitions and segments
We note that for a dynamically scheduled PUSCH, the gNB can signal which repetition uses which RV in Rel. 15. This behavior should be kept, since the gNB might want to use different RVs for different repetitions in a retransmission and in a first transmission.
[bookmark: _Toc24154296]For dynamically scheduled PUSCH, RV cycling is used for nominal repetitions, with the first nominal repetition using the RV indicated in DCI.
For CG PUSCH it is beneficial to transmit as many bits as possible from RV0, thus transmitting as many systematic bits as possible. Therefore we propose that RV0 should be used for the longest PUSCH, taking segmentation into account.
[bookmark: _Toc24154297]For CG PUSCH, RV cycling is used for nominal repetitions, with the longest repetition using RV0. 
If a nominal repetition is segmented it is not clear which RV the individual segments should use. One proposal is that all segments corresponding to the same nominal repetition should use the same RV. This has the unfortunate effect of repeating already transmitted bits instead of transmitting new parity bits. The transmitted bits from the circular buffer are shown in Figure 2.[image: ]
[bookmark: _Ref24128540]Figure 2: Transmitted bits from circular buffer when the same RV is used for all segments of a nominal repetition.
[bookmark: _Toc24154261]If all segments of a nominal repetition use the same RV, the bits at the beginning of this RV will be repeated.
[bookmark: _GoBack]In general, it is preferable to transmit fresh coded bits instead of repeating old coded bits. This can be achieved by RV cycling as shown in Figure 3 , where the next RV in the sequence {0,2,3,1} is used in the second segment.[image: ]
[bookmark: _Ref24129392]Figure 3: Transmitted bits from circular buffer when RV cycling is used for the segments of a nominal repetition.
The performance difference is shown in, Figure 4: Required SNR to achieve BLER = 0.01 for LDPC BG 2 for different code rates with an information block size of 720 bits (including 16 CRC bits)., where the performance of two equal sized transmissions for some RV combinations are compared for different code rates for transmission over AWGN channels. It can be seen that RV cycling improves performance significantly compared to reusing the same RV in both transmissions. Similar results for a wide range of TBS and for both BG 1 and BG 2 as was shown in [8].[image: ]
[bookmark: _Ref24129416]Figure 4: Required SNR to achieve BLER = 0.01 for LDPC BG 2 for different code rates with an information block size of 720 bits (including 16 CRC bits).
However, cycling the RV in each repetition, also across nominal repetitions can lead to mismatch between gNB and UE understanding if dynamic SFI is used. Hence we prefer to determine an RV for each nominal repetition using RV cycling as above, and if a nominal repetition is segmented, then use RV cycling for each segment, starting from the determined RV.
[bookmark: _Toc24154298]Assign each nominal repetition an RV using RV cycling. If a nominal repetition is segmented, cycle RVs for each segment, starting with the RV assigned to the given nominal repetition.
This behavior allows using fresh coded bits as much as possible when segmenting, but also allows each nominal repetition to be unaffected by possible segmenting of other nominal repetitions using SFI.
4	DMRS determination for segmentation
In RAN1#98bis it was agreed that only PUSCH mapping type B is used for the Rel. 16 PUSCH transmission scheme. In this case it is reasonable for each segment to be treated as a separate PUSCH and determine its DMRS placement based on the DMRS configuration and indication in DCI.
[bookmark: _Toc24154299]Determine DMRS placement in each segment by treating each segment as a separate PUSCH of mapping Type B using Rel. 15 rules.
5	Frequency hopping
Rel. 16 PUSCH transmission scheme supports scheduling of shorter PUSCHs repeated multiple times, so called mini-slot repetition, and longer repetitions which only end at slot or period boundaries, so called multi-segment PUSCH. For mini-slot repetition, it is beneficial to support inter-repetition frequency hopping. In this case intra-repetition frequency hopping causes additional DMRS overhead with small diversity gain. However, it is not clear that hopping between every repetition is beneficial. We propose to group the repetitions in a slot into two groups and hop at the group boundary. Compare the examples shown in Figure 5 and Figure 6. The two examples provide the same frequency diversity, but the grouped hopping simplifies scheduling of other UEs.
[image: ]
[bookmark: _Ref7812834]Figure 5: Inter-repetition hopping for mini-slot repetition.
[image: ]
[bookmark: _Ref21351539]Figure 6: Grouped inter-repetition hopping for mini-slot repetition.
[bookmark: _Toc24154300]Support grouped inter-repetition hopping, with repetitions divided into two equal-sized groups (as much as possible) per slot, where the hopping rule is based on Rel. 15 intra-slot frequency hopping.
In cases where segments differ a lot in size it might be preferable to use intra-repetition hopping instead of inter-repetition hopping. An example is shown in Figure 7.
[image: ]
[bookmark: _Ref21384321]Figure 7: Intra-repetition hopping for multi-segment PUSCH.

We note that Rel. 15 supports intra-slot frequency hopping. Thus the rules for intra-repetition hopping can be based on the Rel. 15 rules for intra-slot frequency hopping.
[bookmark: _Toc24154301]Support intra-repetition frequency hopping, where the hopping rule is based on the Rel. 15 rules for intra-slot frequency hopping.
Rel. 15 supports inter-slot frequency hopping. Since each single repetition (after segmentation, if applicable) stays within the boundary of a single slot, it is straightforward to apply the Rel. 15 inter-slot frequency hopping rules for Rel. 16. 
[bookmark: _Toc24154302][bookmark: _Hlk24136049]Support inter-slot frequency hopping.
6 Signalling of S and L when S + L > 14
When using the Rel. 16 PUSCH transmission scheme S and L can take values such that S + L > 14. The SLIV signalling used for RRC configuration of TDRA entries uses that in Rel. 15, S + L <= 14. There are 105 such combinations, and the SLIV encodes these to an integer between 0 and 127. When removing the restriction that S + L <= 14, there are 14 possible values of S, and 14 possible values of L, resulting in 196 combinations. There have been suggestions to use the unused SLIV combinations for combinations with S + L > 14, however there are only 23 unused combinations which is not enough to code the additional (S, L) combinations.
[bookmark: _Toc24154262]There are not enough unused SLIV combinations in a 7-bit SLIV to code the additional (S, L) combinations when S + L > 14.
Other proposals use different formulas for S + L > 14, or extend the range of the SLIV parameter to 8 bits to include the additional (S, L) combinations. We note that since there are 196 combinations of S and L, any formula that encodes all combinations uses at least 8 bits.
[bookmark: _Toc24154263]Any formula that encodes all (S, L) combinations when S + L > 14 uses at least 8 bits.
Since it is possible to encode S and L separately using 4 bits each we note that it is not possible to save any bits in the RRC message compared to separate encoding. We therefore propose to code S and L separately in the TDRA table. 
[bookmark: _Toc24154303]Use separate coding for S and L in the TDRA entries for Rel. 16 PUSCH transmission scheme. 
7 Indication of number of repetitions for CG Type 2
In RAN1#98b the following agreements were made:
Agreements:
For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.
· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 

Agreements:
For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.
Agreements:
· Support dynamic indication of the number of repetitions for Rel-15 PUSCH with slot aggregation using DCI formats 0_1 & the new UL DCI format
· The dynamic indication is done by using the same Rel-16 mechanism (Jointly coding the number of repetitions with SLIV in TDRA table)

In our understanding, the last agreement applies to both DG and CG type 2, but this has not been captured in the latest version of the 38.214 CR. Thus we include it here as a proposal.
[bookmark: _Toc24154304]For CG Type 2 with both Rel-15 and Rel-16 PUSCH transmission scheme, the number of repetitions to be applied is given by numberofrepetitions as signaled in the TDRA table if present; otherwise by the higher layer configured parameter repK.
8 Range of numberofrepetitions
In Rel-15, the maximum number of  repetitions is 8. This may limit the reliability of PUSCH transmission when the TDD pattern is semi-statically configured and the UL-DL pattern cannot be changed dynamically. The issue is llustrated in Figure 8.
[image: ]
[bookmark: _Ref24149492]Figure 8: The impact of TDD pattern on actual number of repetitions.
Slot#1-8 are scheduled for PUSCH with 8 repetitions, and the UL-DL pattern is set as “UDDDUDDD”. Due to conflict with the DL transmissions, only 2 UL transmissions are possible. To be able to transmit more than 2 repetitions, the maximum number of repetitions needs to be increased to 8. This applies to both CG and DG, and both Rel. 15 and Rel. 16 transmissions schemes.
[bookmark: _Toc24154305]The maximum number of repetitions for both CG and DG and for both Rel. 15 and Rel. 16 transmission schemes is 16.
 

9 Transport block size determination when repeating mini-slots
When scheduling a PUSCH transmission, the target code rate and modulation order is determined from the MCS index signaled in DCI typically. The transport block size is then calculated from the target code rate, modulation order, number of layers, and the allocated resources as described in Section 6.1.4.2 of TS 38.214.
In the following, the issues of the Rel-15 procedure are analyzed, when applied to Rel. 16 PUSCH transmission scheme.
When using repetition, the code rate is lowered accordingly. For equal-sized repetitions, the code rate in the total transmission is given by the code rate of a single repetition divided by the number of repetitions. In [9] we have shown that the range of MCS indices to use when scheduling a given packet size becomes narrower, the smaller the length of the transmission is that is used to determine the TBS. In some cases it is not possible the schedule the packet size using any MCS index when the length used to determine the TBS is small.
[bookmark: _Toc24154264]When the length used to determine the TBS becomes shorter, the number of possible MCS indices to use becomes smaller.
We also observed the following:
[bookmark: _Toc24154265]When Rel.16 PUSCH transmission scheme is used, basing the TBS determination on the nominal length of each repetition excessively high target code rate, resulting in modulation order and base graph mismatch.

The proposed solutions with the most support for determining the TBS are the following [10]: 
A. Based on the total allocated resources of all repetitions
B. Based on nominal length of each repetition
C. Based on the longest repetition

We note that among these options, the length used to determine the TBS is the longest for A. and the shortest for B. Hence we observe the following:
[bookmark: _Toc24154266]The range of usable MCS indices is the largest when basing TBS determination on the total allocated resources of all repetitions, and the smallest when basing TBS determination on the longest repetition.
Based on this, our order of preference for the different options is in the following order A. > B. > C.
[bookmark: _Toc24154306]For Rel. 16 PUSCH transmission scheme, TBS determination is based on the total amount of allocated resources when determining N’RE.
Conclusion
In this contribution, we discussed our view how to enhance PUSCH transmission to meet the URLLC requirements and made the following observations:

Observation 1	In Rel. 15, if the UE fails to detect an SFI transmission, only the repetitions modified by this SFI are affected. Other repetitions keep the same length and RV.
Observation 2	Using MMSE-IRC to suppress PUSCH interference to SRS and PUCCH is not possible in general.
Observation 3	Using SFI to avoid collision between PUSCH and PUCCH/SRS increases error probability and requires reliable SFI transmission.
Observation 4	Rel. 15 supports PUSCH of length 1 OFDM symbol.
Observation 5	Data and DMRS transmitted on orphan symbols are useful for improving the block error rate.
Observation 6	If all segments of a nominal repetition use the same RV, the bits at the beginning of this RV will be repeated.
Observation 7	There are not enough unused SLIV combinations in a 7-bit SLIV to code the additional (S, L) combinations when S + L > 14.
Observation 8	Any formula that encodes all (S, L) combinations when S + L > 14 uses at least 8 bits.
Observation 9	When the length used to determine the TBS becomes shorter, the number of possible MCS indices to use becomes smaller.
Observation 10	When Rel.16 PUSCH transmission scheme is used, basing the TBS determination on the nominal length of each repetition excessively high target code rate, resulting in modulation order and base graph mismatch.
Observation 11	The range of usable MCS indices is the largest when basing TBS determination on the total allocated resources of all repetitions, and the smallest when basing TBS determination on the longest repetition.
Based on the discussion in the previous sections we propose the following:

Proposal 1	Missed detection of SFI should only affect nominal PUSCH repetitions in symbols overlapping with those indicated by the missed SFI. The RVs of other transmissions should not be affected. The TBS should also not be affected.
Proposal 2	For DG PUSCH, if dynamic SFI is not configured, semi-static flexible symbols in the resources scheduled by DCI are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
Proposal 3	For CG PUSCH, if dynamic SFI is not configured, semi-static flexible symbols in the scheduled resources are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
Proposal 4	If TBS and RV for Rel. 16 PUSCH transmission scheme do not depend on dynamic SFI, for both DG and CG PUSCH (including all the repetitions) activated by an UL grant, if dynamic SFI is configured and received, dynamic flexible symbols in the scheduled resources are not used for PUSCH and segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols (option 2-1).
Proposal 5	If TBS and RV for Rel. 16 PUSCH transmission scheme do not depend on dynamic SFI, for both DG and CG PUSCH (including all the repetitions) activated by an UL grant, if dynamic SFI is configured and not received, semi-static flexible symbols in the scheduled resources are not used for PUSCH and segmentation occurs around semi-static DL symbols and semi-static flexible symbols.
Proposal 6	If TBS, or RV for Rel. 16 PUSCH transmission scheme depends on dynamic SFI, option 1-1 is used for DG and option 1-2 is used for CG PUSCH.
Proposal 7	Introduce a mechanism for avoiding collision between a PUSCH repetition and signals from other UEs.
Proposal 8	Use reserved resources in the UL to avoid collisions between PUSCH repetitions and other UL signals.
Proposal 9	Do not introduce any special handling for orphan symbols.
Proposal 10	For dynamically scheduled PUSCH, RV cycling is used for nominal repetitions, with the first nominal repetition using the RV indicated in DCI.
Proposal 11	For CG PUSCH, RV cycling is used for nominal repetitions, with the longest repetition using RV0.
Proposal 12	Assign each nominal repetition an RV using RV cycling. If a nominal repetition is segmented, cycle RVs for each segment, starting with the RV assigned to the given nominal repetition.
Proposal 13	Determine DMRS placement in each segment by treating each segment as a separate PUSCH of mapping Type B using Rel. 15 rules.
Proposal 14	Support grouped inter-repetition hopping, with repetitions divided into two equal-sized groups (as much as possible) per slot, where the hopping rule is based on Rel. 15 intra-slot frequency hopping.
Proposal 15	Support intra-repetition frequency hopping, where the hopping rule is based on the Rel. 15 rules for intra-slot frequency hopping.
Proposal 16	Support inter-slot frequency hopping.
Proposal 17	Use separate coding for S and L in the TDRA entries for Rel. 16 PUSCH transmission scheme.
Proposal 18	For CG Type 2 with both Rel-15 and Rel-16 PUSCH transmission scheme, the number of repetitions to be applied is given by numberofrepetitions as signaled in the TDRA table if present; otherwise by the higher layer configured parameter repK.
Proposal 19	The maximum number of repetitions for both CG and DG and for both Rel. 15 and Rel. 16 transmission schemes is 16.
Proposal 20	For Rel. 16 PUSCH transmission scheme, TBS determination is based on the total amount of allocated resources when determining N’RE.
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Appendix. Relevant Agreements
In RAN1#97 the following agreement was made [5].
	Agreements:
· Adopt option 4 with the following update:
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition.
· FFS the detailed interaction with the procedure of UL/DL direction determination




This is based on the following agreement and conclusion from RAN1#96 [2].
	Agreements:
· Capture the descriptions of option 1 to 6 (see R1-1903797 and previous agreements) in the TR.

Conclusion:
· Finalize the details regarding how to use “option 1” vs. “option 2” during the WI phase using option 4, 5, and 6 (as in R1-1903797) as a starting point.




Option 1 and option 2 above are also known as mini-slot repetition and multi-segment transmission respectively and have been discussed extensively during the study item phase. The descriptions of option 4 from [3] is given below. Option 4 tries to support both option 1 and option 2.
	Option 4: 
One or more actual PUSCH repetitions in one slot, or two or more actual PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.
· The number of the repetitions signaled by gNB represents the “nominal” number of repetitions. The actual number of repetitions can be larger than the nominal number.
· FFS dynamically or semi-statically signalled for dynamic PUSCH and type 2 configured grant PUSCH
· The time domain resource assignment (TDRA) field in the DCI or the TDRA parameter in the type 1 configured grant indicates the resource for the first “nominal” repetition. 
· The time domain resources for the remaining repetitions are derived based at least on the resources for the first repetition and the UL/DL direction of the symbols.
· FFS the detailed interaction with the procedure of UL/DL direction determination
· If a “nominal” repetition goes across the slot boundary or DL/UL switching point, this “nominal” repetition is splitted into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot.
· Handling of the repetitions under some conditions, e.g., when the duration is too small due to splitting, is to be further investigated in the WI phase.
· No DMRS sharing across multiple PUSCH repetitions
· The maximum TBS size is not increased compared to Rel-15.
· FFS: L > 14
· S+L can be larger than 14
· FFS: The bitwidth for TDRA is up to 4 bits.
· Note: different repetitions may have the same or different RV.
4 symbols, 4 repetitions
Slot boundary
4 symbols, 2 repetitions
Slot boundary
14 symbols, 1 repetition
Slot boundary
Note: this case requires S+L>14.


· 



In RAN1#98, interaction of PUSCH option 4 with DL/UL directions were discussed, and the following conclusion was reached [6]:
	Conclusion:
In terms of how to handle the interaction of enhanced PUSCH with DL/UL directions, consider the following options:
· For DG PUSCH
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· FFS whether the conflict between dynamic SFI and symbols used for PUSCH transmission is considered as an error case, e.g.
· Option 1-1a: The UE does not expect any semi-static flexible symbol to be indicated as DL within the PUSCH transmission time window.
· Option 1-1b: No error case is defined and in general all semi-static flexible symbols are used for PUSCH within the PUSCH transmission time window.
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3: Dynamic indication in UL grant on which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the dynamically indicated invalid symbols.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2: Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols
· Option 2-3: Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.
· Option 2-4: A repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For CG PUSCH other than the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant
· If dynamic SFI is not configured,
· Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If dynamic SFI is configured
· Option 1: behavior not dependent on dynamic SFI
· Option 1-1: Semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· This does not seem to make much sense for CG. If semi-static flexible symbols are always used for CG PUSCH, the gNB can essentially configure these symbols as UL in semi-static configuration. – no need for this option?
· Option 1-2: Semi-static DL/flexible symbols are not used for PUSCH. Segmentation occurs around semi-static DL/flexible symbols.
· Option 1-3 from DG is not applicable for CG.
· Option 1-4: Pre-defined rules to determine which set of semi-static flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL and the invalid symbols as defined in the rules.
· Option 2: the UE uses SFI to determine the symbols to transmit
· In case SFI is configured and received 
· Option 2-1: Segmentation occurs around semi-static DL symbols and dynamic DL/flexible symbols
· Option 2-2 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. Segmentation occurs around semi-static DL symbols and dynamic DL symbols)
· Option 2-3 does not make sense for CG. (Dynamic flexible symbols are used for PUSCH. A repetition is not transmitted if it conflicts with a dynamic DL symbol.)
· Option 2-4: a repetition is not transmitted if it conflicts with a semi-static DL symbol and a dynamic DL/flexible symbol
· In case SFI is configured and not received
· A repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· For the first Type 2 CG PUSCH (including all the repetitions) activated by an UL grant,
· Alt 1: same behavior as DG PUSCH
· Alt 2: same behavior as CG PUSCH without an associated UL grant
· …
· FFS: in case of a repetition not being transmitted (as in the above bullets), whether a repetition is a nominal repetition or a repetition after segmentation due to semi-static DL symbol(s)/slot boundary
· FFS: whether to postpone or not, and if yes, under what condition(s)
· FFS: whether/how guard period is handled
· Note that segmentation at slot boundary is always performed, even though it is not explicitly mentioned in the bullets above.
· FFS: the handling of conflict with SSB/PRACH symbols, the handling of conflict with semi-statically configured DL reception, etc.
· Other options are not precluded
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