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1 Introduction
This contribution discusses the remaining issues on Rel-16 PUSCH repetition type B and provides several text proposals. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK69]On PUSCH Enhancements
· Issue 1: Invalid symbols for SS/PBCH block
Semi-static downlink symbols are only used to receive DL signals/channels such as PDSCH, PDCCH, or CSI-RS. Thus, a nominal repetition is divided around semi-static DL symbol. The remaining issue is how to handle symbols for SS/PBCH block reception. Obviously, the symbols for SS/PBCH block reception is same as semi-static DL symbol, i.e., these symbols are used only for DL signal/channel. For example, in Rel-15, a UE does not transmit an UL signal including PUSCH if the symbols for SS/PBCH block reception overlap with symbols of the UL signal. If we do not consider the SS/PBCH block, some of PUSCH repetitions would be dropped, which results in poor reliability. Simply, by regarding SS/PBCH block as invalid symbol, we can effectively avoid such a dropping case. So, we propose
· Proposal 1: The symbols for SS/PBCH block reception are regarded as invalid symbols for PUSCH repetition type B. 
· Proposal 2: Adopt the following text proposal 1 for TS38.214.
	Text proposal 1
===========================The Start of Text Proposal of TS38.214============================
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SS/PBCH block reception on the cell where the PUSCH repetition Type B transmission is scheduled is considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================



· Issue 2: Invalid symbols for Half duplex UE
If a UE has no capability to receive DL channel/signal on a cell and transmit UL channel/signal on different cell at the same time, the UE should select one direction (i.e., either of reception or transmission). To define UE behaviour for collision handling for half-duplex CA operation, some agreements were made in email discussion after RAN1#95 but it was agreed in RAN1#96 that the agreements made during email discussion [95-NR-06] postponed to Rel-16. In the last RAN1#99 meeting, it was agreed to support half-duplex operation in CA (as a working assumption) under Rel-16 TEI agenda item[1].
	Working assumption: (RAN1#99)
Regarding TEI “Half-duplex operation in CA”
· Agreements made during email discussion [95-NR-06] on directional collision handling for half duplex CA operation are adopted in Rel-16.
· A new UE capability to indicate the support for directional collision handling between reference and other cell(s) is introduced.
· Note that UEs that do not indicate this capability should still be able to operate half-duplex TDD CA if network ensures same transmission direction across all the serving cells.
· The TP in R1-1913440 is endorsed in principle


In the TP in R1-1913440, the following UE behaviors are defined.
If a UE is configured with multiple serving cells operating in band or different bands, the UE is not capable of simultaneous transmission and reception, the UE indicates support of capability [FG 6-NEW] and the UE is not configured to monitor PDCCH for DCI format 2-0, the UE 
· does not expect to receive an indication by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated indicating a symbol to be downlink in reference cell and DCI scheduling the symbol as uplink on another cell
From the UE’s perspective, if a symbol is indicated as downlink in reference cell, then the UE does not expect to receive DCI scheduling PUSCH repetition type B on the symbol. In other words, the PUSCH repetition type B can be used for full-duplex UE by dividing a nominal repetition around downlink symbols, but cannot be used for half-duplex UE. Since the reference cell and DL/UL configuration are semi-statically configured and not changed dynamically, we can also use the configuration to determine invalid symbols. Therefore, we propose
· Proposal 3: In case of half duplex CA, a downlink symbol on a reference cell is considered as an invalid symbol for PUSCH repetition type B. 
· Proposal 4: Adopt the following text proposal 2 for TS38.214.
	Text proposal 2
===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-  If the UE is not capable of simultaneous transmission and reception, a symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on a cell with the lowest configured cell index considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================



· Issue 3: Whether to support a PUSCH repetition with one symbol
 The remaining issue is whether to support one symbol PUSCH repetition or not. Since one symbol PUSCH repetition may have only DM-RS symbol, we do not support one symbol PUSCH repetition. A gNB can indicate starting symbol and duration of PUSCH transmission appropriately to avoiding one symbol PUSCH repetition. However, in some cases, it is inevitable to indicate one symbol PUSCH repetition. For example, the time domain resource assignment field size is limited for supporting high DCI decoding reliability or there exists only one symbol between downlink symbols or SS/PBCH block symbols. Therefore, it would be better to define a UE behavior for one symbol PUSCH repetition. Simply, it might be enough to drop the one symbol PUSCH repetition if any. In other words, when dividing nominal repetition into actual repetitions, if the actual repetition duration is one symbol, it is dropped. 
· Proposal 5: After dividing a nominal repetition into actual repetitions, if the actual repetition duration is one symbol, it is dropped.
· Proposal 6: Adopt the following text proposal 3 for TS38.214. 
	Text proposal 3
===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. [If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than one zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition of 1-symbol is omitted. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================



3 Conclusion
In this contribution, we discussed potential enhancements to PUSCH for Rel-16 URLLC and the followings were proposed
· Proposal 1: The symbols for SS/PBCH block reception are regarded as invalid symbols for PUSCH repetition type B. 
· Proposal 2: Adopt the following text proposal 1 for TS38.214.
	Text proposal 1
===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SS/PBCH block reception on the cell where the PUSCH repetition Type B transmission is scheduled is considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================


· Proposal 3: In case of half duplex CA, a downlink symbol on a reference cell is considered as an invalid symbol for PUSCH repetition type B. 
· Proposal 4: Adopt the following text proposal 2 for TS38.214.
	Text proposal 2
===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
-	A symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated is considered as an invalid symbol for PUSCH repetition Type B transmission.
-  If the UE is not capable of simultaneous transmission and reception, a symbol that is indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated on a cell with the lowest configured cell index considered as an invalid symbol for PUSCH repetition Type B transmission.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================


· Proposal 5: After dividing a nominal repetition into actual repetitions, if the actual repetition duration is one symbol, it is dropped.
· Proposal 6: Adopt the following text proposal 3 for TS38.214. 
	Text proposal 3
===========================The Start of Text Proposal of TS38.214============================
6.1.2.1	Resource allocation in time domain
===============================Unchanged part is omitted================================
For PUSCH repetition Type B, after determining the invalid symbol(s) for PUSCH repetition type B transmission for each of the K nominal repetitions, the remaining symbols are considered as potentially valid symbols for PUSCH repetition Type B transmission. If the number of potentially valid symbols for PUSCH repetition type B transmission is greater than one zero for a nominal repetition, the nominal repetition consists of one or more actual repetitions, where each actual repetition consists of a consecutive set of potentially valid symbols that can be used for PUSCH repetition Type B transmission within a slot.] An actual repetition of 1-symbol is omitted. An actual repetition is omitted according to the conditions in Clause 11.1 of [6, TS38.213]. The redundancy version to be applied on the nth actual repetition (with the counting including the actual repetitions that are omitted) is determined according to table 6.1.2.1-2.
===============================Unchanged part is omitted================================
===========================The END of Text Proposal of TS38.214============================
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