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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In this contribution, we would like to clarify the UE behavior for PRACH transmission for Rel-15/Rel-16 operation on a single carrier in unpaired spectrum. 
2. [bookmark: _Ref37170879][bookmark: _Ref53408156]Discussion 
In Clauses 11.1 and 11.1.1 of TS 38.213-V15.13.0 and TS 38.213 V16.5.0 [1] – [2], followings are specified for a PRACH transmission when there are at least one symbol resource overlapping between the valid PRACH occasion and DL receptions.  
In Rel-15 specification [1]:
First part:
	11.1	Slot configuration
<Irrelevant parts are omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; 
-	otherwise, the UE cancels the PUCCH, or PUSCH, or PRACH transmission in the set of symbols. 
-	the UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 
<Irrelevant parts are omitted>


Second part:
	<Irrelevant parts are omitted>

For a set of symbols of a slot corresponding to a valid PRACH occasion and  symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 
<Irrelevant parts are omitted>



In Rel-16 specifications [2]:
First part:
	[bookmark: _Ref500831375][bookmark: _Toc12021489][bookmark: _Toc20311601][bookmark: _Toc26719426][bookmark: _Toc29894862][bookmark: _Toc29899161][bookmark: _Toc29899579][bookmark: _Toc29917318][bookmark: _Toc36498192][bookmark: _Toc45699220][bookmark: _Toc66974098]11.1	Slot configuration
<Irrelevant parts are omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .
<Irrelevant parts are omitted>


Second part:
	[bookmark: _Hlk65242695]<Irrelevant parts are omitted>
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. 
<Irrelevant parts are omitted>


As highlighted above, for PRACH, Rel-15 and Rel-16 UE behaviour in the First part and Second part seems have some contradictions. First part allows the dynamic scheduled DL reception e.g.  PDSCH or CSI-RS to cancel the PRACH transmission as long as the timeline requirement is satisfied. However, the specification in Second part seems to prioritize the PRACH transmission over the DL receptions e.g. PDSCH or CSI-RS. Therefore, it is necessary to clarify what is the intended UE behaviour. 
Observation 1: For the case of resource overlapping between the valid PRACH occasion (including  symbols before the valid PRACH occasion)  and DL receptions dynamically scheduled by a DCI format, the existing Rel-15/16 collision handling rules have some specification contradictions. 
One possible interpretation of the current specification could be that UE cancels the PRACH transmission (if timeline allows) and also does not receive any DL signal/channels on the symbols overlapping with PRACH occasion, but it does not make any sense in practice.  

In Rel-15 specification [1]:
Third part
	11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>

For a set of symbols of a slot corresponding to a valid PRACH occasion and  symbols before the valid PRACH occasion, as described in Sublcause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as downlink.
<Irrelevant parts are omitted>



Fourth part
	11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; 
-	otherwise, the UE cancels the PUCCH, or PUSCH, or PRACH transmission in the set of symbols. 
-	the UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 
<Irrelevant parts are omitted>



In Rel-16 specification [2]:
Third part
	[bookmark: _Toc12021490][bookmark: _Toc20311602][bookmark: _Toc26719427][bookmark: _Toc29894863][bookmark: _Toc29899162][bookmark: _Toc29899580][bookmark: _Toc29917319][bookmark: _Toc36498193][bookmark: _Toc45699221][bookmark: _Toc66974099]11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>
For a set of symbols of a slot corresponding to a valid PRACH occasion and  symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as downlink.
<Irrelevant parts are omitted>



Fourth part
	11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols. 
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .
<Irrelevant parts are omitted>


As highlighted above, for PRACH, Rel-15 and Rel-16 UE behaviour in the Third part and Fourth part also have some contradictions. The Third part defines an error case that DCI format 2_0 shall not indicating the set of symbols that corresponds to a valid PRACH occasion plus N_gap symbols as downlink. However, the specification in Fourth part allows the DCI format 2_0 to indicate a subset of symbols from the set of symbols as downlink and UE cancels the PRACH transmission as long as the timeline requirement is satisfied. Therefore, it is also necessary to clarify what is the correct UE behaviour in case DCI format 2_0 is configured. 
Observation 2: For a set of symbols of a slot corresponding to a valid PRACH occasion and  symbols before the valid PRACH occasion, the existing Rel-15/16 specification have contradictions on whether to allow DCI format  2_0 to indicate a subset of symbols from the set of symbols as downlink. 
Proposal 1: It is necessary to clarify what is the correct UE behavior for following cases:
· Case 1:  there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL receptions dynamically scheduled by a DCI format.  
· Case 2: there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL symbol(s) dynamically indicated by a DCI format 2_0.

For a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap symbols before the valid PRACH occasion, the set of symbols are in generally used by both UEs in RRC-IDLE/INACTIVE and RRC-CONNECTED mode. For contention based RACH transmission, the network is not able to identify the UE by PRACH transmission. Therefore, it is reasonable to have a unified behaviour between RRC-IDLE/INACTIVE UE and RRC-CONNECTED UE for PRACH transmission collision handling. For case 1 that there are resource overlapping between the PRACH and DL receptions dynamically scheduled by a DCI format, the RRC-IDLE/INACTIVE UE may not be able to cancel the PRACH transmissions; for Case 2 that there are resource overlapping between the PRACH and DL symbol(s) dynamically indicated by a DCI format 2_0, the RRC-IDLE/INACTIVE UE has not been configured with monitoring the DCI format 2_0, hence following UE behaviour is preferred as proposed in proposal 2.  
Proposal 2: 
· for Case 1 that there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL receptions dynamically scheduled by a DCI format, the UE does not perform DL receptions, i.e., a valid PRACH occasion including Ngap symbols before the valid PRACH occasion is prioritized;
· for Case 2 that there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL symbol(s) dynamically indicated by a DCI format 2_0, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as downlink.
Based on proposal 2, tentative TPs for Rel-15 and Rel-16 are given below for case 1 and case 2.
TP1 for Rel-15 case 1
	11.1	Slot configuration
<Irrelevant parts are omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; 
-	otherwise, the UE cancels the PUCCH, or PUSCH, or PRACH transmission in the set of symbols. 
-	the UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 
<Irrelevant parts are omitted>



TP2 for Rel-15 case 2
	11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; 
-	otherwise, the UE cancels the PUCCH, or PUSCH, or PRACH transmission in the set of symbols. 
-	the UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols.
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise 
<Irrelevant parts are omitted>



TP3 for Rel-16 case 1
	11.1	Slot configuration
<Irrelevant parts are omitted>
For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .
<Irrelevant parts are omitted>



TP4 for Rel-16 case 2
	11.1.1	UE procedure for determining slot format
<Irrelevant parts are omitted>
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols. 
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS 38.214], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .
<Irrelevant parts are omitted>



Proposal 3: Adopt above TP1 and TP2 for Rel-15 and TP3 and TP4 for Rel-16 specification.
3. Conclusion
In the contribution, we discussed some contradictions observed in current specifications on collision handling for PRACH transmission. Following are the observations and proposal:
Observation 1: For the case of resource overlapping between the valid PRACH occasion (including  symbols before the valid PRACH occasion)  and DL receptions dynamically scheduled by a DCI format, the existing Rel-15/16 collision handling rules have some specification contradictions. 
Observation 2: For a set of symbols of a slot corresponding to a valid PRACH occasion and  symbols before the valid PRACH occasion, the existing Rel-15/16 specification have contradictions on whether to allow DCI format  2_0 to indicate a subset of symbols from the set of symbols as downlink. 
Proposal 1: It is necessary to clarify what is the correct UE behavior for following cases:
· Case 1:  there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL receptions dynamically scheduled by a DCI format.  
· Case 2: there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL symbol(s) dynamically indicated by a DCI format 2_0.
Proposal 2: 
· for Case 1 that there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL receptions dynamically scheduled by a DCI format, the UE does not perform DL receptions, i.e., a valid PRACH occasion including Ngap symbols before the valid PRACH occasion is prioritized;
· for Case 2 that there are resource overlapping between a valid PRACH occasion including Ngap symbols before the valid PRACH occasion and DL symbol(s) dynamically indicated by a DCI format 2_0, the UE does not expect to detect a DCI format 2_0 with an SFI-index field value indicating the set of symbols of the slot as downlink.
Proposal 3: Adopt above TP1 and TP2 for Rel-15 and TP3 and TP4 for Rel-16 specification.

[bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
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