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1 [bookmark: _Ref521334010]Introduction
PUSCH transmission enhancement was introduced in Rel-16 as a part of URLLC enhancements. The PUSCH enhancement CR was approved in [1]. In this contribution, we analyze some FFS issues left for PUSCH enhancement and corresponding text proposal is provided.
2 Discussions
2.1 Interaction with semi-static and dynamic slot format configuration 
It was agreed in RAN1#99 that an invalid symbol pattern is introduced for DG PUSCH with PUSCH repetition type B when dynamic SFI is configured. 
	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.



It is still FFS whether the invalid symbol pattern can also be applied to CG PUSCH with PUSCH repetition type B, and DG PUSCH with PUSCH repetition type B when SFI is not configured as per the previous agreements.
	RAN1#98bis:
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
RAN1#99:
Agreements:
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)



Since invalid symbol pattern has already been supported, it is desirable to apply it to other cases to avoid conflict with e.g. semi-statically configured PUCCH and/or SRS transmissions from the same or different UE(s). 
For DG PUSCH with PUSCH repetition type B when SFI is not configured and type 2 CG PUSCH with PUSCH repetition type B, the mechanism can be exactly the same as DG PUSCH with PUSCH repetition type B when SFI is configured. A bit field in the scheduling DCI or the activation DCI can be used to indicate whether the invalid symbol pattern applies or not. 
For type 1 CG PUSCH, there is no activation DCI. In order to avoiding introduce additional RRC signaling to indicate whether or not apply the invalid symbol pattern, it is proposed that the invalid symbol pattern is always applied if it is configured.
Proposal 1: invalid symbol pattern can be applied to DG PUSCH with PUSCH repetition type B when SFI is not configured and to CG PUSCH with PUSCH repetition type B. 
· For DG PUSCH with PUSCH repetition type B when SFI is not configured and type 2 CG PUSCH with PUSCH repetition type B, one bit in scheduling DCI or the activation DCI can be configured to indicate whether the invalid symbol pattern, if configured, applies or not.
· For type 1 CG PUSCH with PUSCH repetition type B, the invalid symbol pattern, if configured, always applies.
A text proposal corresponding to proposal 1 for TS38.214 is provided in TP1 in Annex.
2.2 Number of repetitions
There are still some FFS issues for the number of repetition determination.
	Agreements:
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, 
· If one and only one of DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B, the TDRA table corresponding to the DCI format (0_1 or 0_2) configured with PUSCH repetition type B is used. 
· If both 0_1 and 0_2 are configured with PUSCH repetition type B, the TDRA table corresponding to DCI format 0_1 is used.
· Note: For the initial Type 1 CG PUSCH transmission with PUSCH repetition type B, the case of none of the DCI formats 0_1 and 0_2 is configured with PUSCH repetition type B is an error case
· For the initial Type 1 CG PUSCH transmission, if it is configured with PUSCH repetition type A, use the TDRA table for USS in Rel-15.
· For the initial Type 1 CG PUSCH transmission with PUSCH repetition, the number of repetitions is provided via numberofrepetitions if it is present in the corresponding TDRA table; otherwise, the number of repetitions is provided by repK.
· FFS the value range of repK is extended for R16 repetition type A and/or type B
Agreements:
For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, [3], 4, [6], 7, [8], 12, 16} are supported.
· FFS whether to have a limit on the number of nominal repetitions in a slot



It was agreed that the column numberofrepetitions should always be present in PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2. For cases other than type 1 CG PUSCH repetition type A and type 2 CG PUSCH repetition type A activated by DCI 0_0, if larger number of repetitions is desired for CG PUSCH, it can be achieved by configuring the PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_1 and/or PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2. Only for type 1 CG PUSCH repetition type A and type 2 CG PUSCH repetition type A activated by DCI 0_0, repK is always used to determine the number of repetitions. In order to avoid RRC impact, it is proposed not to extend the repK range. If larger number of repetitions for CG PUSCH repetition type A is desired, type 2 CG PUSCH repetition type A activated by DCI 0_1 or DCI 0_2 can be used. 
[bookmark: _Hlk32563278]Proposal 2: the value range of repK is not extended.
For the value of numberofrepetitions, 3 bits can be used to indicate up to 8 values. Since six values have been agreed, only two values from {3, 6, 8} can be supported. Value 8 is proposed to be supported which is the value supported in Rel-15. Between 3 and 6, 3 is preferred since 3 nominal repetitions with 4 symbols can be one slot. 
For the number of nominal repetitions in a slot, there is no need to impose any limit on it since it can be adjusted by different combinations of nominal repetition length L and number of repetitions K. 
Proposal 3: For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, 3, 4, 7, 8, 12, 16} are supported.
· There is no limit on the number of nominal repetitions in a slot.
2.3 Frequency hopping
It was agreed in RAN1#99 that inter-PUSCH-repetition hopping and inter-slot hopping is supported for PUSCH repetition type B. The detailed hopping pattern and whether to support intra-PUSCH-repetition hopping are still FFS.
	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



It has not been concluded yet whether the inter-PUSCH repetition frequency hopping is based on actual PUSCH repetition or based on nominal PUSCH repetition. If inter-PUSCH repetition hopping is based on nominal PUSCH repetition, no frequency hopping is applied in case there is only one nominal PUSCH repetition even though there may be multiple actual repetitions due to segmentation while inter-PUSCH repetition hopping based on actual PUSCH repetition can achieve frequency hopping in this case, as illustrated in Figure 1.
The performances of frequency hopping based on nominal repetition and actual repetition are compared by two cases assuming K is equal to 1 and 2.
Case 1: K=1, L=7
[image: ] 
(a) FH based on nominal repetition
[image: ]
(b) FH based on actual repetition
Figure 1: Case 1, K=1, L=7
Case 2: K=2, L=7





 (a) FH based on nominal repetition






 (b) FH based on actual repetition
Figure 2: Case 2, K=2, L=7
Basic LLS parameters are listed in table 1. The PUSCH performances are shown in Figure 3. 
Table 1: LLS parameters
	Parameter
	Values

	Carrier Frequency
	4GHz

	Numerology
	30KHz, normal CP

	Channel
	TDL-C, DS 300ns

	UE speed
	3 km/h

	Waveform
	CP-OFDM

	System bandwidth
	20MHz

	PUSCH allocated bandwidth
	16PRBs

	DMRS configuration type 
	Type 1

	Antenna 
	1T4R

	DMRS position
	1st symbol

	TBS
	640bits payload + 16bits CRC

	MCS for nominal PUSCH
	MCS index 10



[image: ]
Figure 3: PUSCH BLER performance
For K=2 case, the BLER performances of frequency hopping based on nominal repetition and actual repetition are similar. Frequency hopping based on nominal repetition is about 0.1 dB better than based on actual repetition at 10-5 BLER due to more balanced number of symbols on each hop. For K=1 case, frequency hopping based on actual repetition outperforms frequency hopping based on nominal repetition 0.9dB  10-5 BLER due to additional frequency hopping gain.
Observation 1: Inter-repetition hopping based on actual repetition can provide better hopping gain than based on nominal repetition for K=1 case.
Therefore, it is proposed that inter-repetition hopping is based on actual repetition.
Proposal 4: Inter-repetition hopping point is determined based on actual repetition. 
In addition, frequency hopping mode determination for type 1 CG PUSCH repetition type B has been agreed but no conclusion for type 2 CG PUSCH repetition type B. It is straightforward to follow the activation DCI similar as the frequency hopping offset determination for type 2 CG PUSCH. 
A text proposal corresponding to proposal 4 for TS38.214 is provided in TP2 in Annex. Frequency hopping scheme determination for type 2 CG PUSCH repetition type B is also included in TP2. 
2.4 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Orphan symbol handling
For PUSCH repetition type B, PUSCH will be segmented around DL and invalid symbols which may lead to orphan symbol for one actual repetition. There is no clear definition of what orphan symbol means. It at least includes actual PUSCH with DMRS only. Additionally, it can include the case that the PUSCH length is too short to transmit the TBS. For DG PUSCH, orphan symbol can be avoided by gNB scheduling. For CG PUSCH, orphan symbol may still occur. 
For simplicity, it is proposed that no special handling is applied for the orphan symbol case, i.e transmitting DMRS and/or data as other segmentations. If the actual repetition length is not longer than the configured DMRS length, DMRS is transmitted which can be used to improve  performance of channel estimation. If the actual repetition length is longer than configured DMRS length, DMRS and data are transmitted. Even though the too high coding rate may lead to decoding failure, soft combining with other repetitions can also help to improve the decoding performance compared to dropping these symbols.
Proposal 5: No special handling for orphan symbol case.
A text proposal corresponding to proposal 5 for TS38.214 is provided in TP3 in Annex.
2.5 UCI multiplexing on segmented PUSCH
For R16 URLLC, PUCCH may collide with an actual PUSCH repetition after segmentation. If timeline conditions are fulfilled, the UCI will be multiplexed on the PUSCH. The resource for UCI will be determined based on the piggybacked PUSCH length. For example, when HARQ-ACK is multiplexed on PUSCH,  the number of coded modulation symbols per layer for HARQ-ACK transmission is calculated as follows.
[image: ],

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]where is the total number of OFDM symbols of the PUSCH and [image: ] denotes the TBS of the PUSCH.  
If the actual PUSCH repetition length is much shorter than nominal PUSCH length, the UCI decoding performance may be degraded due to high coding rate. 


The first part of this min function is to scale the PUSCH TBS and UCI payload size. Considering that the PUSCH TBS is determined based on nominal repetition length, it is proposed to reinterpret the  in the first part as nominal repetition length for the sake of UCI performance. The second part of this min function represents UCI resource upper bound. Since the UCI is transmitted on the actual PUSCH and the UCI resource should be restricted by actual PUSCH repetition length, the in the second part should be the actual repetition length. 
Therefore, it is proposed to modify the equation as follows.

,


where  is the PUSCH length indicated by SLIV and  is the actual PUSCH length.
Proposal 6: For calculating the number of coded modulation symbols per layer for UCI on PUSCH with PUSCH repetition type B, the equations defined in 38.212 are modified as proposed in TP4 in Annex.
3 Conclusion
This contribution discussed remaining issues on PUSCH enhancements and following proposals are proposed.
Proposal 1: invalid symbol pattern can be applied to DG PUSCH with PUSCH repetition type B when SFI is not configured and to CG PUSCH with PUSCH repetition type B. 
· For DG PUSCH with PUSCH repetition type B when SFI is not configured and type 2 CG PUSCH with PUSCH repetition type B, one bit in scheduling DCI or the activation DCI can be configured to indicate whether the invalid symbol pattern, if configured, applies or not.
· For type 1 CG PUSCH with PUSCH repetition type B, the invalid symbol pattern, if configured, always applies.
Proposal 2: the value range of repK is not extended.
Proposal 3: For PUSCH repetition type A and type B, the number of bits to indicate numberofrepetitions is 3. 
· {1, 2, 3, 4, 7, 8, 12, 16} are supported.
· There is no limit on the number of nominal repetitions in a slot.
Observation 1: Inter-repetition hopping based on actual repetition can provide better hopping gain than based on nominal repetition for K=1 case.
Proposal 4: Inter-repetition hopping point is determined based on actual repetition. 
Proposal 5: No special handling for orphan symbol case.
Proposal 6: For calculating the number of coded modulation symbols per layer for UCI on PUSCH with PUSCH repetition type B, the equations defined in 38.212 are modified as proposed in TP4 in Annex.
4 References
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5 [bookmark: _GoBack]Annex
5.1 TP1:
---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
[bookmark: _Toc11352143][bookmark: _Toc20318033][bookmark: _Toc27299931][bookmark: _Toc29673204][bookmark: _Toc29673345][bookmark: _Toc29674338]6.1.2.1	Resource allocation in time domain
<unchanged part 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 UE is configured with higher layer parameter SlotFormatInficator, the] UE may be configured with the higher layer parameter InvalidSymbolPattern, which 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 if InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured when the PUSCH is scheduled 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.
<unchanged part omitted>

[bookmark: _Toc11352148][bookmark: _Toc20318038][bookmark: _Toc27299936][bookmark: _Toc29673210][bookmark: _Toc29673351][bookmark: _Toc29674344]6.1.2.3	Resource allocation for uplink transmission with configured grant
For PUSCH transmissions with a Type 1 or Type 2 configured grant, the number of (nominal) repetitions K to be applied to the transmitted transport block is provided by the indexed row in the time domain resource allocation table if numberofrepetitions is present in the table; otherwise K is provided by the higher layer configured parameters repK.
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.
-	UE may be configured with the higher layer parameter InvalidSymbolPattern, which 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:
-	For type 1 CG PUSCH, UE applies the invalid symbol pattern;
-    For type 2 CG PUSCH, 
-	if the type 2 CG PUSCH is activated by DCI format 0_1 and InvalidSymbolPatternIndicator-ForDCIFormat0_1 is configured, or if the type 2 CG PUSCH is activated by DCI format 0_2 and InvalidSymbolPatternIndicator-ForDCIFormat0_2 is configured ,
      -    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.

The UE shall not transmit anything on the resources configured by configuredGrantConfig if the higher layers did not deliver a transport block to transmit on the resources allocated for uplink transmission without grant.
---------------------------------------------- End of text proposal for 38.214 --------------------------------------

5.2 TP2:
---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
[bookmark: _Toc29673230][bookmark: _Toc29673371][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]. the starting RB for the kth actual repetition is given by:
	, 


where k is the current actual repetition number,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.

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.
---------------------------------------------- End of text proposal for 38.214 --------------------------------------


5.3 TP3:
---------------------------------------------- Start of text proposal for 38.214 ---------------------------------------
6.1.2.1	Resource allocation in time domain
<unchanged part 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 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.
---------------------------------------------- End of text proposal for 38.214 --------------------------------------


5.4 TP4:
---------------------------------------------- Start of text proposal for 38.212 ---------------------------------------
[bookmark: _Toc19798748][bookmark: _Toc26467219][bookmark: _Toc29326576][bookmark: _Toc29327726]6.3.2.4.1.1	HARQ-ACK

For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as , is determined as follows:


		
where

-	 is the number of HARQ-ACK bits;



-	if , ; otherwise  is the number of CRC bits for HARQ-ACK determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise,  is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for ,, in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH, is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214] and is the total number of OFDM symbols of the actual PUSCH repetition, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;

-	 is configured by higher layer parameter scaling;

-	 is the symbol index of the first OFDM symbol that does not carry DMRS of the PUSCH, after the first DMRS symbol(s), in the PUSCH transmission.
<unchanged part omitted>
[bookmark: _Toc19798749][bookmark: _Toc26467220][bookmark: _Toc29326577][bookmark: _Toc29327727]6.3.2.4.1.2	CSI part 1

For CSI part 1 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as , is determined as follows: 
	
	
where

-	 is the number of bits for CSI part 1;



-	if , ; otherwise  is the number of CRC bits for CSI part 1 determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise, is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;




-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is no more than 2 bits, where  is the number of reserved resource elements for potential HARQ-ACK transmission in OFDM symbol , for , in the PUSCH transmission, defined in Clause 6.2.7; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for , in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214] and is the total number of OFDM symbols of the actual PUSCH repetition, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, ;

-	 is configured by higher layer parameter scaling.
<unchanged part omitted>
[bookmark: _Toc19798750][bookmark: _Toc26467221][bookmark: _Toc29326578][bookmark: _Toc29327728]6.3.2.4.1.3	CSI part 2

For CSI part 2 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as , is determined as follows:
		
where

-	 is the number of bits for CSI part 2;



-	if , ; otherwise  is the number of CRC bits for CSI part 2 determined according to Clause 6.3.1.2.1;

-	;

-	 is the number of code blocks for UL-SCH of the PUSCH transmission;




-	if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the -th code block, =0; otherwise, is the -th code block size for UL-SCH of the PUSCH transmission;

-	 is the scheduled bandwidth of the PUSCH transmission, expressed as a number of subcarriers;


-	 is the number of subcarriers in OFDM symbol  that carries PTRS, in the PUSCH transmission;

-	 if HARQ-ACK is present for transmission on the same PUSCH with UL-SCH and without CG-UCI, where  is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH as defined in clause 6.3.2.4.1.1 if number of HARQ-ACK information bits is more than 2, and  if the number of HARQ-ACK information bits is 1 or 2 bits; or
-	 if both HARQ-ACK and CG-UCI are present on the same PUSCH with UL-SCH, where  is the number of coded modulation symbols per layer for HARQ-ACK and CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.5; or
-	 if CG-UCI is present on the same PUSCH with UL-SCH and without HARQ-ACK, where  is the number of coded modulation symbols per layer for CG-UCI transmitted on the PUSCH as defined in clause 6.3.2.4.1.4;

-	 is the number of coded modulation symbols per layer for CSI part 1 transmitted on the PUSCH;




-	 is the number of resource elements that can be used for transmission of UCI in OFDM symbol , for ,, in the PUSCH transmission and  is the total number of OFDM symbols of the PUSCH  is the total number of OFDM symbols of the nominal PUSCH repetition according to Clause 6.1.2 in [6, TS 38.214] and  is the total number of OFDM symbols of the actual PUSCH repetition, including all OFDM symbols used for DMRS;

-	for any OFDM symbol that carries DMRS of the PUSCH, ;

-	for any OFDM symbol that does not carry DMRS of the PUSCH, .

-	 is configured by higher layer parameter scaling.
---------------------------------------------- End of text proposal for 38.212 --------------------------------------
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