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Introduction
In previous RAN1 meetings, most of the details for PUSCH repetition enhancements are determined. But there are still remaining issues needed to be clarified and resolved, such as 
· How to handle the orphan symbol.
· How to handle the interaction of enhanced PUSCH with DL/UL directions.
· How to determine frequency hopping for configured CG Type 2 PUSCH. 
In this contribution, we further discuss the details for the three issues above for PUSCH repetition enhancements. 
How to handle the orphan symbols 
For PUSCH repetition, if a nominal repetition goes across the slot boundary, this nominal repetition is automatically split into multiple PUSCH repetitions. But the implicit splitting procedure could cause orphan symbols, e.g., the duration of repetition#3 is too small due to splitting as shown in Figure 1. In this case, gNB may avoid the orphan symbol by either postpone the transmission or changing the duration of a “nominal” repetition. However, it would either introduce additional latency or restrict the gNB scheduling which becomes more complicated for configured grant PUSCH. 


Figure1. An example of orphan symbol for PUSCH repetition
In Rel-15, the minimum number of symbols for PUSCH mapping type B is one symbol. It seems it is also valid to transmit one-symbol PUSCH on this orphan symbol. However, it was endorsed in TS38.214 that DM-RS transmission procedure is applied for each actual repetition separately as shown below. This may cause the actual repetition only contains one DM-RS symbol. For instance, a 7-symbol nominal repetition is configured with only front-loaded DM-RS and with transform precoding is enabled. If the PUSCH is split into two actual repetitions and one of the repetition only contains one orphan symbol. Then, there would be only DM-RS transmission in this orphan symbol. Given it has been agreed that no DMRS sharing between different repetitions, the repetition with only DM-RS symbol should be omitted.
	For PUSCH repetition Type B, the DM-RS transmission procedure is applied for each actual repetition separately based on the allocation duration of the actual repetition.



Proposal 1: An actual repetition is omitted if it only contains a DM-RS symbol. 
According to the above analysis, we propose the following text proposal. 
--------------------------------------------Text Proposal 1 for Section 6.1.2.1 in TS38.214 [1]--------------------------------
	6.1.2.1	Resource allocation in time domain
<---------------------------Other parts are 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 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 is omitted if it only contains a DM-RS symbol or 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. 
<---------------------------Other parts are omitted ------------------------------->


How to handle the interaction of enhanced PUSCH with DL/UL directions
In RAN1#99 meeting, it was agreed for DG PUSCH with repetition type B that the segmentation can occur not only around semi-static DL symbols but also some invalid symbols which can be dynamically indicated by the DCI scheduling DG PUSCH or semi-statically configured by RRC[2]. This could potentially bring some scheduling flexibility in the case of some burst and higher priority of DL transmissions or signals to be scheduled on the semi-static flexible symbols.
	Agreement 
For DG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, introduce a first RRC parameter that indicates one pattern for invalid symbols for PUSCH transmission repetition type B applicable to both DCI format 0_1 and 0_2, and introduce a second RRC parameter for each of DCI format 0_1 and 0_2 to indicate the presence of an additional bit in the DCI to indicate whether the pattern applies or not.
· If the first RRC parameter is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs only around semi-static DL symbols.
· If the first RRC parameter is configured and the additional bit exists in a DCI, 
· Value ‘0’ means semi-static flexible symbols are used for PUSCH, and segmentation occurs only around semi-static DL symbols.
· Value ‘1’ means that segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· If the first RRC parameter is configured and the additional bit does not exist in a DCI, segmentation occurs around semi-static DL symbols and invalid symbols in the pattern, and the remaining symbols are used for PUSCH.
· The first RRC parameter reuses the pattern definition of rateMatchPattern in time domain for PDSCH.


However the introduce of invalid symbols for the following three cases are still pending according to the agreements in RAN1#98bis and RAN1#99 meetings [2][3].
· Case 1: DG PUSCH or the first Type 2 CG PUSCH (including all the repetitions) with PUSCH repetition type B and if dynamic SFI is not configured.
· Case 2: The first Type 2 CG PUSCH (including all the repetitions) with PUSCH repetition type B and if dynamic SFI is configured.
· Case 3: Type 1 CG PUSCH with PUSCH repetition type B and the first Type 2 CG PUSCH (including all the repetitions) , and dynamic SFI is configured or not configured.
	Agreements:
For both DG and CG with “Rel-16 PUSCH transmission scheme”, if dynamic SFI is not configured, semi-static flexible symbols are used for PUSCH. Segmentation occurs at least around semi-static DL symbols.
· FFS segmentation also around dynamically indicated invalid symbols for UL transmissions in the UL grant (if supported for DG and/or Type 2 CG) and/or semi-statically configured invalid symbols for UL transmissions (if supported)
· FFS how to handle the conflict with dynamic DL transmission for CG
Agreement
For CG PUSCH with PUSCH repetition type B, if dynamic SFI is configured, segmentation occurs at least around semi-static DL symbols, which results in actual repetitions.
· If dynamic SFI is received for the entire duration of an actual repetition, an actual repetition is not transmitted if it conflicts with a dynamic DL/flexible symbol.
· If dynamic SFI is not received for at least one symbol of an actual repetition, an actual repetition is not transmitted if it conflicts with a semi-static flexible symbol.
· FFS the handling of semi-statically configured invalid symbols for PUSCH repetition type B transmissions (if supported)
Note that the cancellation behavior is the same as Rel-15, including Rel-15 cancellation timeline


In our views, the introduction of invalid symbols seems irrelevant to whether SFI is configured or not. Because the semi-static or dynamic indicated invalid symbols is only applicable to the change of semi-static flexible symbols and can work independently with SFI. It means a symbol would be not valid no matter it is indicated as DL symbol by SFI or invalid symbol by the invalid pattern. Thus, for both Case 1 and Case 2, the semi-static or dynamic indicated invalid symbols can be applied. 
For Case 3, only the semi-static invalid symbols can be applied. It seems still beneficial in terms of scheduling flexibility. Because if not introduced the configuration of invalid symbols, gNB has to configure more semi-static DL symbols to do segmentation around if gNB don’t want to allocate too many symbols for enhanced CG PUSCH transmission. However, this will impact the whole UL transmissions for all signals. 
Above all, we think the introduction of invalid symbols can apply for all cases.
Proposal 2: For both DG and CG with PUSCH repetition type B, perform segmentation also around the dynamically indicated invalid symbols for UL transmissions in the UL grant and/or semi-statically configured invalid symbols for UL transmissions. 
[bookmark: OLE_LINK4]According to the above analysis, we propose the following text proposal. 
--------------------------------------------Text Proposal 2 for Section 6.1.2.1 in TS38.214 [1]--------------------------------
	6.1.2.1	Resource allocation in time domain
<---------------------------Other parts are 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 a[If a UE is configured with higher layer parameter SlotFormatInficator, the] UE may be is configured with the higher layer parameter InvalidSymbolPattern, which it provides a symbol level bitmap spanning one or two slots (higher layer parameter symbols given by InvalidSymbolPattern). A bit value equal to 1 in the symbol level bitmap symbols indicates that the corresponding symbol is an invalid symbol for PUSCH repetition Type B transmission. The UE may be additionally configured with a time-domain pattern (higher layer parameter periodicityAndPattern given by InvalidSymbolPattern), where each bit of periodicityAndPattern corresponds to a unit equal to a duration of the symbol level bitmap symbols, and a bit value equal to 1 indicates that the symbol level bitmap symbols is present in the unit. The periodicityAndPattern can be {1, 2, 4, 5, 8, 10, 20 or 40} units long, but maximum of 40ms. The first symbol of periodicityAndPattern every 40ms/P periods is a first symbol in frame 𝑛𝑓 mod 4 = 0, where P is the duration of periodicityAndPattern in units of ms. When periodicityAndPattern is not configured, for a symbol level bitmap spanning two slots, the bits of the first and second slots correspond respectively to even and odd slots of a radio frame, and for a symbol level bitmap spanning one slot, the bits of the slot correspond to every slot of a radio frame. If InvalidSymbolPattern is configured, when the UE applies the invalid symbol pattern is determined as follows:
-	if InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured when the PUSCH is scheduled by DCI format 0_1 or the first configured grant Type 2 PUSCH (including all the repetitions) is activated by DCI format 0_1, or if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured when the PUSCH is scheduled by DCI format 0_2 or the first configured grant Type 2 PUSCH (including all the repetitions) is activated by DCI format 0_2,
-	if [invalid symbol pattern indicator] field is set 1, the UE applies the invalid symbol pattern;
-	otherwise, the UE does not apply the invalid symbol pattern;
-	otherwise, the UE applies the invalid symbol pattern.
<---------------------------Other parts are omitted ------------------------------->


How to determine frequency hopping for CG Type 2 PUSCH 
For CG Type 2 PUSCH with either PUSCH repetition type A or type B, the frequency hopping is still not decided till now, including,
· How to determine whether frequency hopping is performed or not
· How to determine the frequency hopping mode
· How to determine the frequency hopping offset.  
In general, we think Rel-15 rules can be applied here unless there is strong motivation observed. That is, the frequency mode is determined by frequencyHopping-PUSCHRepTypeB which is introduced for CG Type 1 PUSCH at the beginning. Regarding the frequency hopping enabling and offset, it can be determined by the activating DCI format. 
Proposal 3: For CG Type 2 PUSCH, the frequency hopping is determined by follows,
·  The frequency mode is determined by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig.
·  Both frequency hopping enabling and offset are determined by the activating DCI format.
In addition, for PUSCH repetition type B, there are still FFS points on frequency hopping according to the following agreements[2]. 
	Agreements:
For PUSCH repetition type B, support the following frequency hopping:
· Inter-PUSCH-repetition FH
· Details FFS
· Inter-slot FH
· FFS Intra-PUSCH-repetition FH




Regarding the detailed hopping mechanism for inter-PUSCH-repetition frequency hopping, we think the mechanism used for inter-slot frequency hopping can be reused just by replacing the slot number with repetition number. That is the slot number  below can be replaced by the repetition number n.  
	
In case of inter-slot frequency hopping, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Subclause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.



Proposal 4: For inter-PUSCH-repetition frequency hopping of PUSCH repetition type B, the Rel-15 mechanism used for inter-slot frequency hopping can be reused by replacing the slot number with repetition number.
On top of supporting inter-PUSCH-repetition and and inter-slot frequency hopping, we don’t see strong motivation to additionally support intra-PUSCH-repetition frequency hopping at this late stage. 
Proposal 5: For PUSCH repetition type B, intra-PUSCH-repetition frequency hopping is not supported. 
Based on above, we propose the following text proposal. 

--------------------------------------------Text Proposal 3 for Section 6.3.2 in TS38.214 [1]--------------------------------
	[bookmark: _Toc29673371][bookmark: _Toc29673230][bookmark: _Toc29674364]6.3.2	Frequency hopping for PUSCH repetition Type B
For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHopping-ForDCIFormat0_2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHopping-ForDCIFormat0_1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig for [Type 1] configured PUSCH transmission. [The frequency hopping mode for Type 2 configured PUSCH transmission follows the activating DCI format]. One of two frequency hopping modes can be configured:
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHopping-PUSCHRepTypeB is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by DCI format 0_1 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type 2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists-ForDCIFormat0_2 in pusch-Config.
-	When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant.
-	When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant.

In case of inter-repetition frequency hopping, [details to be added when agreements become available]inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1 is applied by replacing the slot number  with the actual repetition number n.

In case of inter-slot frequency hopping, the starting RB during slot  follows that of inter-slot frequency hopping for PUSCH Repetition Type A in Clause 6.3.1.



[bookmark: _Toc483812420]Conclusions
According to the analysis given above, we have the following proposals:
Proposal 1: An actual repetition is omitted if it only contains a DM-RS symbol. 
Proposal 2: For both DG and CG with PUSCH repetition type B, perform segmentation also around the dynamically indicated invalid symbols for UL transmissions in the UL grant and/or semi-statically configured invalid symbols for UL transmissions. 
Proposal 3: For CG Type 2 PUSCH, the frequency hopping is determined by follows,
·  The frequency mode is determined by frequencyHopping-PUSCHRepTypeB provided in configuredGrantConfig.
·  Both frequency hopping enabling and offset are determined by the activating DCI format.
Proposal 4: For inter-PUSCH-repetition frequency hopping of PUSCH repetition type B, the Rel-15 mechanism used for inter-slot frequency hopping can be reused by replacing the slot number with repetition numbe
Proposal 5: For PUSCH repetition type B, intra-PUSCH-repetition frequency hopping is not supported. 
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