3GPP TSG RAN WG1 Meeting #97
R1-1906059
Reno, USA, May 13 – 17, 2019
Agenda Item:
7.2.6.3
Source:
Huawei, HiSilicon
Title:
PUSCH enhancements for URLLC
Document for:
Discussion and Decision

1 Introduction
In the RAN1 #96b meeting [1], the following agreements were achieved for PUSCH enhancements. 

Agreements:

· Option 5 is not considered further as part of PUSCH enhancements.
Agreements:

For option 4, dynamic indication of the nominal number of repetitions in the DCI scheduling dynamic PUSCH is supported for PUSCH enhancements. The dynamic indication can be enabled or disabled by the gNB.

· FFS the exact signaling method

· FFS the exact DCI format(s)

· FFS the exact mechanism to enable or disable

· FFS the DCI activating type 2 configured grant PUSCH

Agreements:

For option 6,

· For dynamic PUSCH

· For semi-static DL symbol(s), to down-select

· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).

· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.

· For dynamically indicated DL symbol(s) (via format 2_0), it is not expected at the UE that the resource allocation has conflict with dynamically indicated DL symbol(s).

· Note: this is the same as Rel-15 behavior.

· For configured grant PUSCH,

· For type 1 configured grant PUSCH, and PUSCH other than the first PUSCH (including all repetitions) associated with the type 2 configured grant activation,

· If a repetition conflicts with semi-static DL symbol(s), the repetition is not transmitted. 

· FFS: If a repetition conflicts with dynamically indicated DL symbol(s) (via format 2_0), the repetition is not transmitted. 

· FFS For the first PUSCH (including all repetitions) associated with the type 2 configured grant activation, follow the same handling as dynamic PUSCH.

Agreements:

· For option 6, at least for dynamic grants, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.

Agreements:

For both option 4 and 6, frequency hopping is supported

· FFS details

In this contribution, we provide detailed designs for Option 4 and Option 6, including SLIV design and the interaction with semi-static/dynamic DL symbol(s), and provide our attitude for the two options. In addition, the mechanisms of TBS determination, frequency hopping, and RV determination are also discussed.
2 Detailed designs for Option 4
2.1 SLIV design
Signaling of repetition number

It has been agreed to dynamically indicate the nominal number of repetitions in the DCI, but the detailed signaling design is still FFS. For indicating repetition number, it can be considered to introduce a new DCI field, or alternatively, re-interpret the existing bit field as discussed in section 5.3. There is no strong motivation to jointly encode the number of nominal repetitions and the SLIV for one nominal PUSCH for Option 4 as no redundancy is observed between them.
The value of L
Introducing larger than 14 symbols critically increases the available S+L combinations that can be selected into the TDRA table, which imposes higher UE capability and leads to complicated configuration for the TDRA entries at the gNB side. On the other hand, it achieves no obvious benefit since the reliability can alternatively be enhanced by using more repetitions, i.e., indicating a larger K. Therefore, it is not necessary to support L>14 for Option 4. 
The interpretation of K*L
Another controversial issue is the interpretation of K and L indicated by the DCI in case of the TDD scenario. There are two alternatives as shown in Figure 1, including:

· Alt.1: K*L represents the total length of all actually transmitted PUSCH repetitions, i.e., the DL symbols are not counted into K*L in case of collision.
· Alt.2: K*L represents the absolute time window, i.e., the DL symbols are counted into K*L in case of collision.
Although Alt.1 can guarantee the reliability target, it has a risk that the whole transmissions may extend the latency boundary especially for the case of relatively small number of UL symbols for per slot. For CG, Alt.1 may have a further risk that the postponed transmission may be beyond the period boundary. Therefore, to guarantee the latency target, K*L should represent the absolute time window after which the PUSCH repetitions should stop. 
In contrast, Alt.2 can be considered to guarantee the whole transmissions would not extend the latency boundary. Regarding the reliability loss due to the dropping of conflict resources, the gNB can schedule the transmissions with a larger K*L based on implementation to guarantee the actual transmitted whole duration satisfies reliability target, since the gNB has the knowledge of the conflict DL symbol number. Alternatively, the gNB can send a retransmission UL grant if the PUSCH repetitions within the time window is not correctly decoded.
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Figure 1 Two alternatives for the interpretation of K*L
Handling of orphan symbols

Basically one motivation for introducing Option 4 to allow the UE to span the slot/DL boundary is to resolve the orphan symbol issue of Option 1. Although it is still possible for the presence of the orphan symbol when there is only one symbol left before or after the slot/DL boundary and the DMRS is not configured to be FDMed with data, this may not frequently happen and can be avoided by smart scheduling or configuration of the gNB. In particular, the gNB can delay the start of the whole transmissions or adjust K or L to avoid the happening of orphan symbol. E.g., to avoid the nominal PUSCH with 2OS length to span the slot boundary, the gNB can delay the whole transmissions by 1OS, which causes negligible impact to latency.
DMRS design

As a simple way, the DMRS positions should be determined for per actually transmitted PUSCH regardless the PUSCH is a nominal PUSCH or a shortened PUSCH after splitting. 
Proposal 1: For Option 4, it is not necessary to support L>14 since it critically increases available S+L combinations and thereby leading to complexity at both UE and gNB sides while no obvious benefit is achieved.

Proposal 2: For Option 4, K*L should represent the absolute time window after which the PUSCH repetitions should stop.
Proposal 3: For Option 4, it can be up to the gNB implementation, e.g., by delaying the start of the whole transmissions or adjusting K or L, to avoid the orphan symbol issue.
2.2 Handling for conflict with DL symbol(s)
As per the definition of Option 4, the PUSCH repetitions should be splitted into multiple actual PUSCHs if it is expected to cross the DL/UL boundary. Therefore, the basic principle is that the UE should span across the DL/UL boundary and transmit actual PUSCHs on the UL periods. 
For the nominal PUSCH(s) scheduled by dynamic grant, 
· If it has conflict with semi-static DL symbol(s), the nominal PUSCH(s) are splitted into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static DL symbol(s). 
· On the other hand, the dynamic nominal PUSCH or the actual PUSCH is not expected to be conflict with dynamic DL symbol(s) indicated by SFI, which follows the same rule as Rel-15.
For the nominal PUSCH(s) configured by CG which has conflict with semi-static/dynamic DL symbol(s), the nominal PUSCH(s) are splitted into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static/dynamic DL symbol(s). 
Proposal 4: For Option 4, if the nominal PUSCH(s) have conflict with DL symbol(s), 
· For dynamic nominal PUSCH(s), the nominal PUSCH(s) are split into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static DL symbol(s).
· For CG PUSCH(s), the nominal PUSCH(s) are split into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static/dynamic DL symbol(s).
3 Detailed designs for Option 6

3.1 SLIV design
S and L signaling for multiple repetitions
For Option 6, the SLIV pattern can be a combination of S+L, repetition number, and slot index (K2), so that there is no need to specify additional S+L>14 patterns for Option 6. E.g., as shown in Figure 2, for Case 1, the SLIV pattern entry can be {slot i, S=5, L=4} & {slot i, S=9, L=4}; for Case 2, the SLIV pattern entry can be {slot i, S=11, L=4} & {slot i+1, S=1, L=8}.
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Figure 2 SLIV signaling for Option 4 and Option 6

Slot/DL boundary crossing for configured grant 

Considering the case of small CG periodicity, it is possible that some periods would span across the slot/DL boundary while some other periods would not span across the slot/DL boundary. E.g., if the CG periodicity value is 7OS and the start point has 3OS offset to the slot boundary, the CG period pattern would be {7, 4|3, 7, 4|3, …}, where 4|3 means the slot boundary splits the period in middle. If the SLIV within per period is configured with 7OS length, then it is unavoidably that some SLIVs are expected to span across the 4|3 periods.
A Rel-15 CR [2] in the last meeting was approved to allow the TO to be dropped if it is expected to cross slot/DL boundary. However, it is due to Rel-15 does not support indicating multiple SLIVs for per CG period to resolve this boundary crossing issue. By adopting Option 6, in contrast, it is easy to avoid the boundary across issue by the gNB implementation. E.g., as shown in Figure 3, the gNB can configure the SLIV pattern for each CG period as {S=4, L=4}&{S=8, L=3} for the above example irrespective whether the CG period spans across slot/DL boundary or not. Based on this implementation, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary for configured grant.
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Figure 3 SLIV configuration for Option 6 configured grant
Proposal 5: For Option 6 and configured grant, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
3.2 Handling for conflict with DL symbol(s)
The basic principle for handling the conflict with DL symbol(s) was agreed in the last meeting, but there are still two FFS issues. 
One issue is to down select the following two options for the conflict of dynamically scheduled PUSCH and semi-static DL symbol(s):
· Option 1: it is not expected that the resource allocation has conflict with semi-static DL symbol(s).

· Option 2: if the resource allocation has conflict with semi-static DL symbol(s), the repetition is not transmitted.

Compared with Option 1, Option 2 provides more flexibility for the gNB to configure the TDRA entries. E.g., it is feasible for the gNB not to configure the non-contiguous SLIV pattern with the gap which avoids the semi-static DL symbol(s) into the TDRA table, thus those entries could be used for configuring other SLIV patterns.
Another issue is the conflict case of CG PUSCH with dynamic DL symbols indicated by SFI. It is straightforward to drop the conflict CG PUSCH, i.e., the same as the Rel-15 rule.

Proposal 6: For Option 6, 
· If a dynamic PUSCH repetition has conflict with semi-static DL symbol(s), the PUSCH repetition is not transmitted.
· If a CG PUSCH repetition has conflict with dynamically indicated DL symbol(s) (via format 2_0), the PUSCH repetition is not transmitted.
4 Comparisons between Option 4 and Option 6

One advantage of Option 6 is the flexibility for indicating various SLIV patterns especially for the dynamic grant, which allows the gNB to dynamically assign non-contiguous PUSCH repetition patterns to avoid conflict with PUCCH/SRS/DL period. For Option 4, in contrast, the gNB has to ensure not to assign dynamic DL transmissions or PUCCH/SRS for other UEs which may have conflict with the contiguous PUSCH repetitions. This imposes a limitation on the gNB resource assignment.
However, the benefit of dynamically avoiding PUCCH/SRS/DL period is absent for configured grant since the TDRA is semi-statically configured or activated. To avoid interference to PUCCH/SRS/DL period for another UE, the gNB should configure gaps for all the CG periods in case the PUCCH/SRS/DL period may occur at any CG period, which causes potential waste of resources. 
Moreover, as compared to Option 4 where the UE only drops the resources of the DL period, for Option 6 the UE has to drop the whole PUSCH repetition that has conflict with DL symbol(s) which may also include the symbols with no collision. Therefore, Option 4 outperforms Option 6 in the perspective of resource utilization efficiency.
Considering the advantages and the drawback for the two options, Option 4 is slightly preferred due to better resource utilization efficiency.
Proposal 7: Option 4 is slightly preferred due to better resource utilization efficiency.
5 Other specification impacts
In this section we discuss other specification impacts for Option 4 and/or 6.
5.1 TBS determination
Different TBS determination mechanisms were raised for PUSCH repetitions during the study item. Although TBS calculated based on the whole duration would lead to higher spectrum efficiency, it has a risk of overbooked TBS issue where the TBS is too big to be carried on per PUSCH repetition so that partial systematic bits are dropped for PUSCH per repetition. Therefore, it is preferred to calculate the TBS based on one certain repetition.
In addition, considering the PUSCH repetitions may be with unequal lengths under Option 4/6, it needs to further discuss which repetition (the longer PUSCH or the shorter PUSCH) should be applied for TBS calculation if the TBS is calculated based on one PUSCH, instead of simply reusing the Rel-15 principle, i.e. based on the initial transmission. For example, if the initial transmission is a shorter PUSCH, there is a risk of calculating too small TBS so that the spectrum efficiency is negatively impacted. 
In our perspective, the longest PUSCH can be used for TBS determination to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency. In particular, for Option 4, the longest PUSCH is the nominal PUSCH indicated by the SLIV. Details can refer to our companion contribution [3].
Proposal 8: It could be considered to calculate the TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6 (if supported) to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
As it has been agreed that the PUSCH which has conflict with semi-static DL symbol(s) should be omitted for Option 6, it should be discussed whether the omitted PUSCH should be used for TBS calculation. If the TBS is calculated based on the omitted PUSCH and applied to another actually transmitted PUSCH with a different length, the effective coding rate is changed so that the combination of modulation order and effective coding rate may be suboptimal. E.g., if the TBS is calculated based on a longer PUSCH which is omitted due to collision, and is applied for a shorter PUSCH which is actually transmitted, the effective coding rate for the shorter PUSCH may be larger than 0.95. Therefore, the omitted PUSCH due to conflict with semi-static DL symbol(s) should not be used for TBS calculation. 
Proposal 9: The PUSCH repetition omitted due to conflict with semi-static DL symbol(s) should not be used for TBS calculation.

5.2 RV determination
In Rel-15, RV of the nth (1<=n<=K) TO among K repetitions is associated with the (mod(n-1,4)+1)th value of an RV sequence. To fully use the available symbols in a slot, PUSCH durations of different repetitions are not necessarily to be the same in Rel-16. In this case, RV determination method in Rel-15 may be no longer optimal, as RV0 may be associated with a very short TO so that systematic bits may be dropped. For example, as illustrated in Figure 4, four TOs are allocated in two consecutive slots for the transmission of K=4 repetitions. Due to TDD configuration, the 1st and the 3rd TOs contain 3 symbols in each, and the other two contain 7 symbols in each. If RV sequence is indicated as {0231} as Rel-15, then RV0 will be associated with the 1st TO, which contains the fewest symbols and limited systematic bits are transmitted.
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Figure 4 RV0 is associated with the shortest transmission occasion
As an improvement, for Option 4, when the durations of the K TOs are not equal, RV determination should guarantee the TO with the longest duration (e.g., L symbols where L is derived from SLIV) is associated with RV0 to transmit as many as systematic bits. And if there is a set of TOs with the same longest duration, RV cycling for these TOs should be supported. A simple principle is the kth TO with the long TO set is associated with the (mod(k-1,4)+1)th value of the RV sequence. For example, as illustrated in Figure 5, the 2nd and the 4th TOs are associated with RV0 and RV2, respectively, if RV sequence is {0231}. For the remaining TOs, RV cycling could be performed starting at the next RV value in the RV sequence. E.g. RV3 and RV1 are applied to the 1st and the 3rd TO, respectively, as shown in Figure 5.
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Figure 5 RV cycling for transmission occasions with different durations

For Option 6, for each entry of a higher-layer configured TDRA table, an RV sequence can be jointly configured, wherein one RV corresponds to one PUSCH of the multiple PUSCHs in the entry. This allows the gNB to flexibly associate a proper RV to each repetition. In addition, RV field in this case can be released from RV indication and re-interpreted to indicate more available SLIV patterns. For example, the gNB can configure multiple TDRA tables associated with different repetition numbers and use the RV field to indicate which table is applied. Alternatively, the RV field can be combined with the TDRA field so that up to 64 entries can be supported.

Another possible way for RV determination enhancement is to support more RV sequences and follow the method in Rel-15 for RV association. However, for dynamic grant, this increases L1 signaling overhead as more bits in DCI are needed to indicate the selected RV sequence. And for configured grant, this actually doesn’t help as both RV sequence and time-domain resources are semi-statically configured, which means mismatch of the two is not always avoidable.
Proposal 10: To improve decoding performance, enhancement on RV determination is needed for Rel.16 URLLC

· For Option 4, RV determination should guarantee the TO with the longest duration can be associated with RV0, and if there are a set of TOs with the same longest duration, RV cycling among these TOs should be supported.

· For Option 6 (if supported), for each entry of the higher-layer configured table, an RV for each repetition in the entry is also configured.
5.3 Dynamic indication of repetition number for Option 4
To achieve dynamic indication of repetition number for Option 4, a straightforward way may be adding a new field in DCI. However, this will increase L1 signaling overhead. 

In section 5.2, to improve decoding performance, the proposed RV determination rule for Option 4 could be determined based on the duration of the PUSCHs instead of indicated by DCI. Therefore, the RV field in the DCI could be release from RV indication and can be reused for dynamic indication of repetition number, which introduces no extra L1 signaling overhead.

For Type 2 configured grant, there is no need to indicate the repetition number in the activation DCI. The reason is that, on one hand, time-domain resources for Type 2 configured grant are semi-statically configured and will be valid at least for a period of time after configuration, thus there is no big difference between indicating the repetition number by activation DCI or by RRC. On the other hand, retransmission based on dynamic grant is supported for Type 2 configured grant, hence the dynamic adjustment of repetition number can be achieved by retransmission scheduling if necessary to improve transmission reliability.

Proposal 11: If the RV determination for Option 4 is based on the PUSCH duration without DCI indication, the RV field in the DCI can be re-interpreted for dynamic indication of repetition number.
Proposal 12: If Option 4 is used for configured grant PUSCH transmission, there is no need to indicate the repetition number in activation DCI for Type 2 configured grant.
5.4 Frequency hopping design
For both Option 4 and Option 6, the PUSCH repetitions can be with equal length or unequal lengths depending on the positions of the UL periods, slot boundary or the SLIV(s) signaled by the DCI. When the PUSCH repetitions are with equal length, inter-slot PUSCH hopping and inter-PUSCH hopping can be supported as agreed for Option 1. When the PUSCH repetitions are with unequal lengths, inter-slot PUSCH hopping and inter-PUSCH hopping can also be supported to achieve diversity gain. 
In addition, as the nominal PUSCH could be splitted by the slot/DL boundary for Option 4, it should be further discussed whether the hopping occurs for per actual PUSCH after splitting or occurs for per nominal PUSCH (i.e., the splitted PUSCHs are within one hop) for inter-PUSCH hopping. In our perspective, to guarantee better diversity, the hopping could occur in the unit of nominal PUSCH so that each hop can have even length.

Considering that intra-PUSCH frequency hopping may cause additional DMRS overhead especially for the short PUSCH length so that the benefit of intra-PUSCH hopping may be marginal due to the loss of coding gain. As an alternative, the gNB can signal relatively short PUSCH length and enable inter-PUSCH hopping to achieve a similar effect with the Rel-15 intra-slot hopping.
Proposal 13: Inter-slot hopping and inter-PUSCH hopping can be supported. 
· The hopping could occur in the unit of nominal PUSCH for Option 4 for inter-PUSCH hopping.
· The benefit of intra-PUSCH hopping is not clear.
6 Conclusions 
In this contribution, we provided detailed designs for Option 4 and Option 6, including SLIV design, and the interaction with semi-static/dynamic DL symbol(s), and provide our attitude for the two options. In addition, the mechanisms of TBS determination, frequency hopping, and RV determination are also discussed. Based on the discussions, the proposals are given as follows.
Proposal 1: For Option 4, it is not necessary to support L>14 since it critically increases available S+L combinations and thereby leading to complexity at both UE and gNB sides while no obvious benefit is achieved.

Proposal 2: For Option 4, K*L should represent the absolute time window after which the PUSCH repetitions should stop.
Proposal 3: For Option 4, it can be up to the gNB implementation, e.g., by delaying the start of the whole transmissions or adjusting K or L, to avoid the orphan symbol issue.
Proposal 4: For Option 4, if the nominal PUSCH(s) have conflict with DL symbol(s), 
· For dynamic nominal PUSCH(s), the nominal PUSCH(s) are split into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static DL symbol(s).
· For CG PUSCH(s), the nominal PUSCH(s) are split into multiple actual PUSCH repetitions, where each actual PUSCH is transmitted in one UL period spanned by the semi-static/dynamic DL symbol(s).

Proposal 5: For Option 6 and configured grant, it is not expected that one repetition (i.e., one SLIV) spans across slot boundary.
Proposal 6: For Option 6, 
· If a dynamic PUSCH repetition has conflict with semi-static DL symbol(s), the PUSCH repetition is not transmitted.
· If a CG PUSCH repetition has conflict with dynamically indicated DL symbol(s) (via format 2_0), the PUSCH repetition is not transmitted.
Proposal 7: Option 4 is slightly preferred due to better resource utilization efficiency.
Proposal 8: It could be considered to calculate the TBS based on the nominal PUSCH for Option 4 or the longest PUSCH for Option 6 (if supported) to guarantee the whole transmissions are self-decodable while on the other hand achieving better resource utilization efficiency.
Proposal 9: The PUSCH repetition omitted due to conflict with semi-static DL symbol(s) should not be used for TBS calculation.

Proposal 10: To improve decoding performance, enhancement on RV determination is needed for Rel.16 URLLC

· For Option 4, RV determination should guarantee the TO with the longest duration can be associated with RV0, and if there are a set of TOs with the same longest duration, RV cycling among these TOs should be supported.

· For Option 6 (if supported), for each entry of the higher-layer configured table, an RV for each repetition in the entry is also configured.
Proposal 11: If the RV determination for Option 4 is based on the PUSCH duration without DCI indication, the RV field in the DCI can be re-interpreted for dynamic indication of repetition number.

Proposal 12: If Option 4 is used for configured grant PUSCH transmission, there is no need to indicate the repetition number in activation DCI for Type 2 configured grant.
Proposal 13: Inter-slot hopping and inter-PUSCH hopping can be supported. 

· The hopping could occur in the unit of nominal PUSCH for Option 4 for inter-PUSCH hopping.
· The benefit of intra-PUSCH hopping is not clear.
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