3GPP TSG RAN WG1 #106bis-e                                         R1-2109240
e-Meeting, October 11th – 19th, 2021

Source:	CATT
[bookmark: Title]Title:	Discussion on enhancements on PUSCH repetition type A
[bookmark: Source]Agenda Item:	8.8.1.1
[bookmark: DocumentFor]Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
Rel-17 NR aims to improve the coverage of UL channels, where the latest WID was agreed in RAN#92-e [1]. For PUSCH, it was agreed that both directions for repetition type A (i.e., increasing the maximum repetition number, and counting the number of repetitions on the basis of available UL slots) are to be specified.
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.


In this contribution, we provide our views on PUSCH repetition type A enhancements for both directions.

Discussion
[bookmark: _Ref82699293]Increasing the maximum number of repetitions
In RAN1#106-e meeting, the following agreements and working assumption on the maximum number of repetitions and the configurable repetition number set were reached [2]:
	Working Assumption
The maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32
Agreement
· DCI format 0_1 and DCI format 0_2 support Rel-17 PUSCH repetition Type A with the increased maximum repetition numbers configured in TDRA lists.
Agreement
· For DG-PUSCH with counting based on the available slots, count of available slots continues until satisfying the conditions defined for DG-PUSCH repetition Type A in Rel-16.


For the working assumption, we believe it can be confirmed directly. It may be argued that, a maximum number of 32 will not be needed for TDD with counting based on available slots. However, there is no harm to the network, either. Note that the actual repetition number is still under the control of gNB. Even if the maximum number of 32 is supported, the gNB can configure an actual repetition number less than 32 to a UE if desired. Additionally, complexity is unlikely to be a serious issue, since low complexity UEs such as LTE-MTC or NB-IoT UEs support a repetition number far larger than 32, e.g. 1024. 
We have the following proposal. 
Proposal 1: Confirm the working assumption that the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.
It was agreed that the repetition factor in numberOfRepetitions in DCI format 0_1 and DCI format 0_2 can be increased. Regarding to pusch-AggregationFactor and repK, they can be considered as the ‘default’ repetition number, if configured. In case a large value is configured in pusch-AggregationFactor or repK, if numberOfRepetitions is not presented in the TDRA entry, the UE will have to transmit PUSCH with large number of repetitions. This may cause waste of UL resource, since the CE-capable UE may not be a static UE.
On the contrary, it should be avoided to involve DCI format 0_0 in the enhancement. DCI format 0_0 is the fallback DCI with limited function on scheduling, for which the most critical task is to guarantee the reliability, not to extend scheduling capability. Specifically, for Type 1 CG-PUSCH, when the configured TDRA index follows the TDRA table corresponding to the scheduling of DCI format 0_0, increased number of repetition should not be supported. In other words, numberOfRepetitions for Type 1 CG-PUSCH follows the definition in Rel-15/16. On the other hand, when numberOfRepetitions is not configured for Type 1 CG-PUSCH, the repetition number follows repK. It is fine if the number of repetition of Type 1 CG-PUSCH does not increase to 32. This is because Type 1 CG-PUSCH transmission is totally up to UE without DCI activation, which is not flexible. Conservative configuration with small number of repetition is naturally preferred, to avoid waste of UL resource.
We have the following proposal. 
Proposal 2: Do not increase the number of repetitions in pusch-AggregationFactor or repK.

Repetition number counted on the basis of available UL slots
In RAN1#106-e meeting, the following agreements on the repetition number counted on the basis of available UL slots were reached [2]:
	Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Agreement
For PUSCH repetition Type A for Rel-17 CG-PUSCH, semi-static flexible symbol is considered as available.
Agreement
For PUSCH repetition Type A for Rel-17 DG-PUSCH, semi-static flexible symbol is considered as available.
Note: The applicability for Msg 3 is to be discussed in 8.8.3


Although Alt 1-B is adopted for counting of available slots, an open issue is left on what RRC parameters should be considered in Step 1 of Alt 1-B. In previous meetings, it was agreed that at least SSB should be considered in addition to tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. But it is still FFS whether other RRC parameters can also be considered.
We should pay more attention on the RRC parameter candidates. Generally, the more RRC parameters in consideration, the more slots become unavailable. In principle, only cell-specific channels/signals which will be certainly transmitted can be considered in the determination of available slots. Therefore, SSB, tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated should be enough. To be more specific, SSB symbols should refer to the symbols indicated by ssb-PositionsInBurst, as shown in many places in TS 38.213. The following part is an example [4].
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


It may be arguable whether Type0-PDCCH CSS should also be considered. In our view, there is no need to consider any CSS, since it is up to the gNB to transmit PDCCH in the search space, i.e. not an always-on signal/channel. This is well reflected in TS 38.213 [4], where we can see that Type0-PDCCH CSS does not directly determine whether the PUSCH can be transmitted or not, but just not expect to be configured as uplink.
	For a set of symbols of a slot indicated to a UE by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the UE does not expect the set of symbols to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated.


Current PUCCH repetition mechanism also provides a good example, as copied below from TS 38.213 [4]. We can find that when determining the available slots for PUCCH repetition, only SSB is taken into consideration to determine whether flexible symbol(s) can be considered as available or not. It does not consider Type0-PDCCH CSS set, either.
	For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in Clause 9.2.4 for SR reporting or in Clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
-	an UL symbol, as described in Clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols, as described in Clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4


We think it is beneficial to have a unified determination of available slots for PUSCH and PUCCH, which helps to simplify the specification and implementation. 
Hence, we propose:
[bookmark: _GoBack]Proposal 3: For unpaired spectrum, the determination of available slots for PUSCH repetition only depends on RRC configuration tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst.

Configurations/indication to enable the two functions
How to enable the two functions of repetition type A enhancement is still an open issue. Generally, there are two directions to be further considered:
· Alt 1: ‘Increased number of repetition’ and ‘counting based on available slots’ will be separately indicated/enabled by two independent RRC parameters, respectively.
· Alt 2: Both ‘increased number of repetition’ and ‘counting based on available slots’ will be jointly indicated/enabled by only one RRC parameter.
From Section 2.1, we can see that the number of repetition should be increased to 32, irrespective of the slot counting method. Hence, there is no strong need on separating these two functions. For example, a UE supporting ‘counting based on available slots’ should be able to support ‘increased repetition number’ up to 32. Also, using a unified indication for both functions can reduce capability report and simplify the specification. Hence, Alt 2 is preferred.
We have the following proposal:
Proposal 4: A single Rel-17 RRC parameter is used to enable both of the following functions:
· Counting based on available slots is enabled via a RRC signaling. 
· Repetition number up to 32.

Conclusion
In this contribution, we provide our view on mechanisms for enhancements on PUSCH repetition type A. The proposals are summarized as follows:
Proposal 1: Confirm the working assumption that the maximum number of repetitions accounted for available slots supported by Rel-17 PUSCH repetition Type A is 32.
Proposal 2: Do not increase the number of repetitions in pusch-AggregationFactor or repK.
Proposal 3: For unpaired spectrum, the determination of available slots for PUSCH repetition only depends on RRC configuration tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst.
Proposal 4: A single Rel-17 RRC parameter is used to enable both of the following functions:
· Counting based on available slots is enabled via a RRC signaling. 
· Repetition number up to 32.
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