[bookmark: OLE_LINK15][bookmark: OLE_LINK16]3GPP TSG RAN WG1 #96				                 R1-1902443
Athens, Greece, 25th February – 1st March, 2019

Source: 	ETRI
[bookmark: Title]Title: 	Potential enhancements to PUSCH 
Agenda Item:	7.2.6.1.3	Potential enhancements to PUSCH
Document for:	Discussion
1 Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting AH1901, RAN1 agreed to the following. The two alternatives will be discussed and possibly only one alternative will be selected.
	Agreements:
· Down-select between “mini-slot based repetitions” and “two-segment transmission”, aiming in RAN1#96
· FFS the option of using separate grants to schedule PUSCH repetitions in consecutive available slots



In addition to this down selection, we need more discussion for each alternative, based on the agreement.
	Agreements:
Companies are encouraged to provide more details in RAN1#96 at least for the following for potential enhancements of PUSCH:
· Details of the time domain resource determination, including the interaction with the DL/UL direction of the symbols
· Details of TBS determination
· What is different for scheduled PUSCH and configured grant?
· E.g. for configured grant, should the transmission be allowed to postpone when conflicting with DL symbols?
· Comparison between the two schemes, including the potential performance evaluation/analysis (including latency, reliability, etc), complexity, overhead, etc.



2 Discussion
2.1 Multi-segment transmission
In this section, we discuss further details on the multi-segment transmission. The agreements for the multi-segment transmission in the last meeting are as follows:
	Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions in consecutive available slots, with one repetition in each slot with possibly different starting symbols and/or durations” (also called as “multi-segment transmission”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the starting symbol and the transmission duration of all the repetitions. 
· FFS multiple SLIVs indicating the starting symbol and the duration of each repetition
· FFS details of SLIV, including the possibility of modifying SLIV to support the cases with S+L>14.
· FFS the interaction with the procedure of UL/DL direction determination
· For the transmission within one slot,
· If there are more than one UL period within a slot (where each UL period is the duration of a set of contiguous symbols within a slot for potential UL transmission as determined by the UE) 
· One repetition is within one UL period.
· FFS if more than one UL period is used for the transmission (If more than one UL period is used, this would override the previous definition of this option.)
· Each repetition occupies contiguous symbols 
· Otherwise, a single PUSCH repetition is transmitted within a slot following Rel-15 behavior.
· Frequency hopping
· Support at least inter-slot FH
· FFS other FH schemes
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition, overhead assumption)



Number of SLIVs in the DCI:
The time domain resource assignment field in the UL grant delivers a slot offset, a SLIV, and the PUSCH mapping type. Among them, the SLIV should be enhanced to support the slot-based PUSCH repetition. Basically two alternatives can be considered:
· Alt. 1: Based on single SLIV, and change the way to interpret SLIV (and potentially the range)
· Alt. 2: Based on multiple SLIVs, e.g., one SLIV per each repetition
In Alt. 1, a single SLIV can indicate the start symbol of the 1st PUSCH repetition and the total duration of all repetitions. Therefore, the start symbol of each consecutive repetition should be implicitly determined, possibly with some assistance signalling. For example, assuming a two-segment PUSCH spanning two slots, the start symbol of the 2nd segment can be determined as the 1st flexible symbol in the 2nd slot, as shown in Fig. 1(a).
However, this may incur some restriction in the usage of the DL part. Assume as in Fig. 1(a) that a PDSCH is allocated on the 2nd and the 3rd symbol of the 2nd slot. If the PDSCH is for the same UE, then UE may not transmit the 2nd PUSCH repetition due to lack of DL-UL switching time. If the PDSCH is for other UE, then the 2nd PUSCH repetition may strongly interfere the PDSCH receiving UE due to timing advance. Therefore, the DL part may not be fully utilized in practice, which is not a proper usage of UL/DL configuration.


Fig. 1. Examples of two-segment PUSCH with a single SLIV (Alt. 1)
To relax such restriction, the use of assistance signalling can be considered. For example, UE can be configured with a symbol offset which delays the consecutive PUSCH repetition(s) by its amount. An example with a 1-symbol offset is illustrated in Fig. 1(b). Now the 1st flexible symbol (4th symbol) of the 2nd slot serves as a guard period and the DL part can be fully utilized with no cross-link interference.
However, it is noted that the aforementioned examples are the simplest cases with two segments and two slots. There are many combinations of the number of segments and the number of slots depending on the total PUSCH duration and the slot configurations. Furthermore, NR supports extremely large flexibility in resource allocation/configuration (other signals and channels as well as PUSCH) and in slot configuration including semi-static and dynamic one. Therefore, it seems very difficult to develop a general rule to determine the time domain resource locations of all the PUSCH repetitions using a single SLIV indication.
On the contrary, Alt. 2 explicitly indicates the start and the length of each PUSCH repetition. Hence, gNB can assign each repetition in a desired location and basically there is no need of a complicated rule for the resource determination. Therefore, specification workload can be much reduced. Also, it would be much easier to multiplex the PUSCH with other signals and channels for the same or different UEs.


Fig. 2. An example of two-segment PUSCH with multiple SLIVs (Alt. 2)
One way of supporting Alt. 2 is to extend the RRC table such that some entries can have multiple SLIVs. This is exactly the same approach as the RRC table for the SFI which allows multi-slot configuration for some entries. Table 1 is an example of the extended RRC table. Entry 0 has a single SLIV which may correspond to a PUSCH without repetition. Entry 1 & 2 have two SLIVs which may correspond to two-segment PUSCH transmissions. Based on this approach, there is no impact on the DCI (no overhead increase and no field change) using Alt. 2.
Table 1. An example of the RRC table for time domain resource allocation
	Entry
	Slot offset
	PUSCH mapping type
	1st SLIV
	2nd SLIV
	Aggregation factor

	0
	0
	Type B
	Value A
	
	1

	1
	0
	Type B
	Value B1
	Value B2
	2

	2
	0
	Type B
	Value C1
	Value C2
	1



[bookmark: _Ref525910331]Proposal 1: For multi-segment transmission, the UL grant can indicate more than one SLIVs and each SLIV determines the start symbol and the duration of each PUSCH repetition.

Repetition within a slot:
Even if only one UL(+flexible) part is configured by slot configuration (both semi-static and dynamic) in a slot, there can be multiple “effective” UL parts depending on the use of flexible symbols. Fig. 3 illustrates such a case, where there is one UL part but a CORESET is configured in the middle of the flexible part (8th symbol) for other UE. If the gNB wants to transmit a PDCCH to the UE using the CORESET, the UL part should be split into two periods, e.g., one period from 4th to 7th symbol and the other period from 10th to the last symbol. In this case, two PUSCH segments can be allocated to the two effective UL periods. Currently, it seems not clear whether the agreement in the last meeting allows this case or not, which may need to be clarified.



Fig. 3. An example of two-segment PUSCH within a slot
Alt. 2 can be applied in this case as well. As shown in Fig. 3, each SLIV can determine the start and the length of each repetition within a slot. One issue is how UE distinguishes the two cases: 1) two repetitions are mapped to two slots, 2) two repetitions are mapped to two UL periods within a slot. Finding an implicit determination rule can be one approach, but we think explicit signalling is more desirable again due to similar reasons. For example, the RRC parameter ‘aggregation factor’ can be used to indicate ‘the number of slots’ where the PUSCH repetitions are mapped, with potential support of dynamic signalling (as shown in Table 1).
[bookmark: _Ref1173130]Proposal 2: To differentiate the repetition over multiple slots and the repetition within a slot, the RRC parameter ‘aggregation factor’ indicates the number of slots where the PUSCH repetitions are mapped.

TBS determination:
Considering the asymmetric durations across the PUSCH repetitions, out preference is to use the number of REs averaged over PUSCH repetitions to derive the TBS. This way can take the trade-off between 1) using the number of REs of one representative repetition, and 2) using the total number of REs of all repetitions. All the remaining procedures may not need to be changed.
[bookmark: _Ref1173134]Proposal 3: For multi-segment transmission, the number of REs averaged over repetitions are used to derive the TBS.

Frequency hopping:
In inter-slot hopping, the performance gain from additional frequency diversity may not be fully achieved if the durations of the PUSCH repetitions are largely different. For better decoding performance, intra-slot hopping can be supported in addition to the inter-slot hopping. In principle, the Rel-15 frequency hopping rule can be applied within each PUSCH repetition.
[bookmark: _Ref1173138]Proposal 4: Intra-slot frequency hopping is supported for multi-segment PUSCH transmission.
 
2.2 Mini-slot based repetition
In this section, we discuss further details on the mini-slot based PUSCH repetition. The agreements for the multi-segment transmission in the last meeting are as follows:
	 Agreements:
At least for scheduled PUSCH, for the option “One UL grant scheduling two or more PUSCH repetitions that can be in one slot, or across slot boundary in consecutive available slots” (also called as “mini-slot based repetitions”), if supported, it further consists of:
· Time domain resource determination
· The time domain resource assignment field in the DCI indicates the resource for the first 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
· Each repetition occupies contiguous symbols.
· FFS whether/how to handle “orphan” symbols (the # of UL symbols is not sufficient to carry one full repetition)
· Frequency hopping (at least 2 hops)
· Support at least inter-PUSCH-repetition hopping and inter-slot hopping
· FFS other FH schemes
· FFS number of hops larger than 2
· FFS dynamic indication of the number of repetitions
· FFS DMRS sharing
· FFS TBS determination (e.g. based on the whole duration, or based on the first repetition)



Time domain resources in the DCI:
It is agreed that the UL grant indicates the first PUSCH instance, and the remaining instances are transmitted in the resource that is determined from the slot format and the first PUSCH instance. Succeeding PUSCH instances are consecutively transmitted in the same slot, but the next issue would be to determine the starting symbol of the PUSCH in the next slot, in TDD case. 
Regarding the interaction between UL/DL directions, we have two alternatives in this issue; the first PUSCH symbol in the next available slot is either FL symbol or UL symbol. 
Following the Rel-15 behaviour, when a PUSCH is dynamically scheduled, the first FL symbol is chosen for the first PUSCH symbol. This will effectively reduce the cell coverage if the next slot has DL symbols for PDSCH and FL symbols as gap symbols and UL symbols for PUSCH. In addition, a PDSCH could be assigned dynamically in the FL symbols. This happens when the gNB would transmit DL assignment before the UL grant. In this case, as we explained in the previous section, this may cause mixed UL-DL interference for some UE (i.e., UEs in the edge of DL coverage).
The better solution would be to use later symbols such as one of intermediate FL symbols or the last FL symbol or even the first UL symbol. If we use some of FL symbols, then the mixed interference would be relieved depending on the TA difference between UEs. If we use the first UL symbol, then the mixed interference disappears. The advantage and the disadvantage are clear: the tradeoff between latency and possible interference. In this sense, intermediate FL symbols can be used to achieve better tradeoff.
[bookmark: _Ref1173142]Proposal 5: One of intermediate FL symbols can be used for the first PUSCH symbol in the next available slot.
Furthermore, one more thigs to consider, configured grant based PUSCH repetition also has the similar issue of determining starting symbol in the next available slot. In this sense, following Rel-15, GF PUSCH does not use FL symbols for transmission. We believe that it is beneficial to have unified and common solution to both GB PUSCH and GF PUSCH. 

Whether to use orphan symbols:
A set of consecutive symbols are called as orphan if they are less than the duration of a scheduled PUSCH instance. Depending on the indicated SLIV in the UL grant, orphan symbols are present in the slot. The simplest behaviour is not to allow any incomplete PUSCH instance because the specification impact is minimized. On the other hand, if those orphan symbols are used, then the latency of PUSCH repetition can be reduced, but the specification should describe behaviours for all possible cases. 
However, the PUSCH instance on orphan symbols has many related issues such as DM-RS sharing and RV cycling. For one example, when DM-RS can be shared from the other PUSCH instance (i.e., previous instance) in the same slot, the PUSCH instance on orphan symbols may not need DM-RS and map data instead. This is applicable when orphan symbols are few. Otherwise, this incomplete PUSCH instance becomes less incomplete and we think we should utilize those orphan symbols.
For another example, if the PUSCH instance on orphan symbols is the first instance of PUSCH repetition (using RV 0), puncturing data symbols lose many information bits. Using orphan symbols is beneficial if gNB has other received code bits to combine. Code bits which are included in orphan symbols would provide side information to the gNB.
Based on our understanding, using orphan symbols is beneficial to reduce latency, and incomplete PUSCH instance may share DM-RS with other PUSCH instance if it is not the first instance. 
[bookmark: _Ref1173146]Proposal 6: Orphan symbols is used as one PUSCH instance if it is not the first instance.

Frequency hopping, number of repetitions, TB size determination
The slot-based PUSCH repetition enables intra-slot hopping and inter-slot hopping. We think the Rel-15 behaviour can be applied for each mini-slot-based PUSCH instance is interpreted as each slot-based PUSCH instance.
 In Rel-15, hopping more than twice shows not much performance gain, and agreed to hop at most twice in the BWP. The Rel-16 URLLC study item deals with much less code rate, and its number of required PRBs has been increased. Since each hop spans wideband already, the frequency diversity of hopping more than twice can be minimal. Also, more number of hops requires more DM-RS overhead, and given the same number of symbols for the whole PUSCH repetition, the number of data symbols would decreased.
[bookmark: _Ref1173955]Proposal 7: The Rel-15 frequency hopping of PUSCH repetition can be the baseline.
The UL grant can indicate the number of repetitions. The explicit field can indicate the repetition factor, but it can increase the DCI payload. In our view, keeping the same or less DCI payload than Rel-15 is important to achieve more reliability of PDCCH. One alternative is to extend the time domain resource allocation field, which is configured by higher layer, to include the repetition factor. The UL grant can indicate one value using the already supported field, which tells UE a joint indication of both SLIV and repetition factor. 
[bookmark: _Ref1173149]Proposal 8: The time domain resource allocation table for PUSCH is extended and DCI indicates one.
In Rel-15, the TB size is determined by the amount of allocated REs in the UL grant. Considering mini-slot PUSCH repetition, the amount of allocated REs can be based on the whole repetition or on the reference instance. This is related to how to deal with orphan symbols, overhead assumption, and UCI piggyback feature (if piggybacked). The details can be further discussed after resolving whether to use orphan symbols on some PUSCH instance and whether to support UCI on PUSCH. The latter issue is also closely related to intra-UE UL multiplexing, e.g., Scenario 5 (Intra-UE UL Prioritization – Resource Conflict between Control Channel and Data Channel) in R1-1900003 LS on Intra-UE Prioritization/Multiplexing.
[bookmark: _Ref1173963] Proposal 9: TB size issue is discussed with orphan symbols, overhead assumptions, and UCI multiplexing.
2.3 UCI multiplexing/dropping to PUSCH repetition
The Rel-15 TS 36.213 describes UL multiplexing/dropping rule to ensure transmitting a single UL signal/channel when a UE is assigned to two or more UL signals/channels with overlapped UL symbols. Following this rule, the UE with the sufficient processing time can piggyback UCI on PUSCH or drop PUSCH to transmit PUCCH. This Rel-15 behaviour would be revised if two or more types of traffics are involved because, in our understanding, the Rel-15 discussion actually assumed one type of traffic. The Rel-16 discussion should include, for instance, UCI corresponds to eMBB and TB corresponds to URLLC, or vice versa. Thus, we can list the following basic alternatives.
· Alt 1: Apply a dropping rule, i.e., transmit only one PUCCH or PUSCH
· Alt 2: Apply a dropping rule or multiplexing rule depending on conditions
The Alt 1 effectively chooses one traffic based on the priority. This is the simplest way but they restrict the scheduler’s implementations. 
The Alt 2 requires precise conditions to determine whether drop or multiplex. One possible condition is the configured code rate, and predetermined set of available REs. In addition, one important thing to consider is that it also implies that the UL grant can be received before the DL assignment. In the Rel-15, the UCI multiplexing is valid only when UL grant comes later than the DL assignment. In our understanding, the Rel-16 eURLLC discussion can include UCI on PUSCH when UL grant comes before the DL assignment in order to further minimize the latency.
[bookmark: _Ref534990982]Observation 1: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Furthermore, when UE decides to choose one traffic based on some conditions, this behaviour would be the outcome of discussion about the intra-UE multiplexing rule, which is Scenario 5 in the LS from RAN2 (R1-1900003 LS on Intra-UE Prioritization/Multiplexing). Thus, we believe that the PUSCH enhancement is quite involved with the other sub-agendas.
[bookmark: _Ref528952837]Observation 2: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
[bookmark: _Ref534965596]Proposal 10: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.

3 Conclusion
In this contribution, we have the following discussions:
Proposal 1: For multi-segment transmission, the UL grant can indicate more than one SLIVs and each SLIV determines the start symbol and the duration of each PUSCH repetition.
Proposal 2: To differentiate the repetition over multiple slots and the repetition within a slot, the RRC parameter ‘aggregation factor’ indicates the number of slots where the PUSCH repetitions are mapped.
Proposal 3: For multi-segment transmission, the number of REs averaged over repetitions are used to derive the TBS.
Proposal 4: Intra-slot frequency hopping is supported for multi-segment PUSCH transmission.
Proposal 5: One of intermediate FL symbols can be used for the first PUSCH symbol in the next available slot.
Proposal 6: Orphan symbols is used as one PUSCH instance if it is not the first instance.
[bookmark: _GoBack]Proposal 7: The Rel-15 frequency hopping of PUSCH repetition can be the baseline.
Proposal 8: The time domain resource allocation table for PUSCH is extended and DCI indicates one.
Proposal 9: TB size issue is discussed with orphan symbols, overhead assumptions, and UCI multiplexing.
Observation 1: It is beneficial to allow UL grant before DL assignment in Rel-16 eURLLC study.
Observation 2: The UCI multiplexing/dropping rule is related to intra-UE UL multiplexing.
Proposal 8: Further study how to deal with UCI multiplex/dropping in the PUSCH enhancement study.
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