3GPP TSG RAN WG1 #98bis
R1-1911234
Chongqing, China, October 14th – 20th, 2019
Agenda item:

7.2.6.3
Source:
China Telecom
Title:
Remaining issues on PUSCH enhancements for URLLC
Document for:

Discussion
1      Introduction
In RAN #83, a new work item “Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)” was approved for Rel-16 [1]. The objectives of this new work item include:
· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· 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
In RAN1#97 meeting, the followings were agreed:
· 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

In RAN1#98 meeting, the followings were agreed:
In terms of how to interpret L and K for all PUSCH transmissions, down-select between the following two:

· Alt 1: The time window within which valid symbols are used for transmission is L*K.
· FFS the definition of “valid symbols”
· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.

· FFS extension of the time window in case of dynamic DL symbols and/or semi-static flexible symbols and/or reserved symbols (if defined) and/or SSB symbols and/or type-0 CSS in CORESET#0 (as indicated by MIB)

· FFS the definition of “valid symbols”
· FFS whether to define a maximum time window size and if so, details
In this contribution, we discuss the remaining issues on PUSCH enhancements for URLLC.
2      Discussion
In RAN1#96bis meeting, it was agreed that “Option 5 is not considered further as part of PUSCH enhancements.” In RAN1#97 meeting, it was further agreed Option 4 as the PUSCH enhancement for URLLC in Rel-16. For option, there are following remaining issues to be addressed.
· L and K indication

· Dynamic indication of number of repetition

· Handling of orphan symbol

· TBS determination

· Frequency hopping

In terms of how to interpret L and K for all PUSCH transmissions, In RAN1#98 meeting, it was agreed to down-select between the following two:

· Alt 1: The time window within which valid symbols are used for transmission is L*K.

· Alt 2: The time window within which valid symbols are used for transmission can be longer than L*K symbols, and it is extended at least in case of semi-static DL symbols.

Alt 2 can achieve better reliability. However, since the time window of Alt 2 can be longer than L*K, it may extend the latency boundary. Alt 1 can guarantee the whole transmissions would not extend the latency boundary. In addition, for Alt 1, gNB can perform scheduling taking into account the requirement of reliability, so as to guarantee the reliability as much as possible. Thus Alt 1 should be selected to interpret L and K for all PUSCH transmissions.

Proposal 1: The time window within which valid symbols are used for transmission is L*K.
In RAN1#96bis, it was agreed that 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. There are two potential solutions for dynamic indication:
· Solution 1: A new DCI field is introduced
· Solution 2: Jointly coded with SLIV in TDRA table

Solution 1 is straight forward and solution 2 may need more potential specification effort. Therefore, a new DCI field is introduced to indicate the number of repetition.
Proposal 2: A new DCI field is introduced to indicate the number of repetition.

One issue of option 4 is that there may be orphan symbol that cannot used for normal transmission. Since it rarely happens and gNB can avoid orphan symbol as much as possible. No special handling is needed in case that orphan symbol happens, and no transmission is assumed from UE perspective.
Proposal 3: Avoid orphan symbol by gNB implementation. In case that orphan symbol happens, no transmission is assumed from UE perspective.

For TBS determination, following methods were discussed during the past RAN1 meetings.

· Based on nominal length of each repetition (i.e. L)

· Based on the total allocated resources of all repetitions

· Based on the longest repetition

In case L<=14, Rel-15 TBS determination procedure can be reused. Then TBS determination is based on the nominal length of each repetition (i.e. L).
Proposal 4: TBS determination is based on the nominal length of each repetition (i.e. L).
Two types of frequency hopping are supported in Rel-15.
· Intra-slot frequency hopping

· Inter-slot frequency hopping

For PUSCH enhanced for URLLC, there are mainly three types of frequency hopping.
· Intra-PUSCH-repetition frequency hopping
· Inter-PUSCH-repetition frequency hopping
· Inter-slot frequency hopping
Rel-15 frequency hopping can be extended to support inter-PUSCH-repetition frequency hopping and inter-slot frequency hopping. While intra-PUSCH-repetition frequency hopping can result in higher DM-RS overhead.

Proposal 5: Inter-PUSCH-repetition frequency hopping and inter-slot frequency hopping are supported.
3      Conclusion
In this contribution, we discussed the remaining issues on PUSCH enhancements for URLLC. Based on the discussion, we have following proposals:
Proposal 1: The time window within which valid symbols are used for transmission is L*K.
Proposal 2: A new DCI field is introduced to indicate the number of repetition.
Proposal 3: Avoid orphan symbol by gNB implementation. In case that orphan symbol happens, no transmission is assumed from UE perspective.

Proposal 4: TBS determination is based on the nominal length of each repetition (i.e. L).
Proposal 5: Inter-PUSCH-repetition frequency hopping and inter-slot frequency hopping are supported.
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