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Introduction
In RAN1#100e, some agreements on orphan symbols were achieved as listed in the following[1], however there is still a data transmission issue due to orphan symbols, we focus on this remaining issue.
Agreements:
· For PUSCH repetition Type B, a UE is not expected to be indicated with an antenna port configuration that is invalid for the duration of any actual repetition.
· For PUSCH with repetition Type B, an actual repetition with a single symbol is not transmitted.
Discussion
In RAN1#100e, issues due to orphan symbol were discussed. Considering that number of PUSCH symbol if UCI would be multiplexed in PUSCH must be larger than one, then an actual repetition with a single symbol is not transmitted to avoid issues on UCI multiplexing. 
[bookmark: _GoBack]However, there is not any solution to solve issue that coding rate for data in an actual PUSCH repetition is larger than one due to resource is segmented. For dynamic PUSCH repetition, it may be feasible to avoid segmented PUSCH repetition with coding rate >948/1024. However, for configured grant transmission, the periodicity of configured grant does not align with the periodicity of invalid symbols, e.g. semi-static UL-DL configuration, invalid symbols in different periodicity of configured grant maybe different and segmented PUSCH repetition may vary. Taking Figure 1 as an example, UL-DL configuration applies a 10ms-periodicity configuration {DFUUDDFUUD}, in which flexible slot configuration is {DDDDDDDDDDFFUU}. To match traffic periodicity, a 16ms-periodicity configured grant is configured, in which nominal PUSCH repetition=10 symbols with repetition=4 starting from the 9th symbols in 1st slot in one CG periodicity. According to actual PUSCH repetition procedure, nominal PUSCH repetition will be segmented around semi-static DL symbols and invalid symbols immediately after DL symbols if configured, then actual PUSCH repetition colored with light blue is produced. In this example, the smallest actual PUSCH repetition length is 2, which is just 1/5 of nominal PUSCH repetition length.
Observation 1: Symbol number ratio of the longest actual PUSCH repetition and the shortest actual PUSCH repetition could be in large range.
Considering spectrum efficiency, coding rate for each nominal PUSCH repetition is not small, so  it is very likely that coding rate for the shortest actual PUSCH repetition is larger than 948/1024 , especially for configured grant.


Figure 1 Actual PUSCH repetition in CG
Observation 2: Considering spectrum efficiency, coding rate for each nominal PUSCH repetition is not small, so  it is very likely that coding rate for the shortest actual PUSCH repetition is larger than 948/1024 , especially for configured grant.
However, in rate matching procedure defined in 38.212, there is an assumption on maximum coding rate of 948/1024. The procedure for PUSCH transmission with coding rate >948/1024 is not defined in spec. 
Observation 3: The procedure for PUSCH transmission with coding rate >948/1024 is not defined in spec.
If procedure of actual PUSCH repetition with code rate >948/1024 is not clear, gNB cannot decode the actual PUSCH repetition with code rate >948/1024 with the same assumption on procedure as UE. gNB cannot decode the actual PUSCH repetition correctly, moreover, it cannot decode the whole actual PUSCH repetition bundle correctly due to wrong combination among actual PUSCH repetitions within one bundle.
Observation 4: Ambiguous procedure for actual PUSCH repetition with code rate>1 leads that gNB cannot decode the whole actual PUSCH repetition bundle correctly due to wrong combination among actual PUSCH repetitions within one bundle.
Proposal 1: Procedure on actual PUSCH repetition with code rate>948/1024 should be clarified in spec.
Although there is an assumption on maximum coding rate in spec, however, the assumption does not work in rate matching procedure in spec. So it could be considered to relax assumption. To avoid impact on legacy UE, relaxing assumption could be applied for actual PUSCH repetition for Type B PUSCH repetition only.
	[bookmark: _Toc19798705][bookmark: _Toc26467176][bookmark: _Toc29326531][bookmark: _Toc29327681][bookmark: _Toc36045871][bookmark: _Toc36046131][bookmark: _Toc36046277][bookmark: _Toc45209194]------------------------------------ Start of TP 38.212 V16.2.0 section 5.4.2.1---------------------------------
5.4.2.1	Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.







For the -th code block, let  if  and  otherwise, where, ,  is determined according to Clause 6.1.4.2 in [6, TS 38.214] for UL-SCH and Clause 5.1.3.2 in [6, TS 38.214] for DL-SCH/PCH, assuming the following:
-	maximum number of layers for one TB for UL-SCH is given by X, where
[bookmark: _Hlk530131697]-	if the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter 
-	elseif the higher layer parameter maxRank of pusch-Config of the serving cell is configured, X is given by the maximum value of maxRank across all BWPs of the serving cell
-	otherwise, X is given by the maximum number of layers for PUSCH supported by the UE for the serving cell
-	maximum number of layers for one TB for DL-SCH/PCH is given by the minimum of X and 4, where
-	if the higher layer parameter maxMIMO-Layers of PDSCH-ServingCellConfig of the serving cell is configured, X is given by that parameter
-	otherwise, X is given by the maximum number of layers for PDSCH supported by the UE for the serving cell


-	if the higher layer parameter mcs-Table given by a pdsch-Config for at least one DL BWP of the serving cell is set to 'qam256', maximum modulation order  is assumed for DL-SCH; otherwise a maximum modulation order  is assumed for DL-SCH; 


-	if the higher layer parameter mcs-Table or mcs-TableTransformPrecoder given by a pusch-Config or configuredGrantConfig for at least one UL BWP of the serving cell is set to 'qam256', maximum modulation order  is assumed for UL-SCH; otherwise a maximum modulation order  is assumed for UL-SCH
-	maximum coding rate of 948/1024 for PDSCH/PUSCH except for actual PUSCH repetition for Type B PUSCH repetition


-	 is given by Table 5.4.2.1-1, where the value of  for DL-SCH is determined according to the initial downlink bandwidth part if there is no other downlink bandwidth part configured to the UE;

-	;

-	 is the number of code blocks of the transport block determined according to Clause 5.2.2.
------------------------------------ End of TP 38.212 V16.2.0 section 5.4.2.1---------------------------------



Proposal 2: For actual PUSCH repetition for Type B PUSCH repetition, assumption on maximum coding rate can be relaxed.
If implementation impact from relaxing assumption is significant, there are two simple options:
· Option 1: Puncture redundancy data after rate matching
Firstly, Rate matching with target coding rate =948/1024 is performed, then redundancy data is punctured according to actual PUSCH repetition resource. 
	------------------------------ Start of TP 38.212 V16.2.0 section 5.4.2.1--------------------------------



Denoting by  the rate matching output sequence length for the -th coded block, where the value of  is determined as follows:

Set 


for  to 

if the -th coded block is not scheduled for transmission as indicated by CBGTI according to Clause 5.1.7.2 for DL-SCH and 6.1.5.2 for UL-SCH in [6, TS 38.214]

;
else

if 

;
else

;
end if

;
end if
end for
where 

-	 is the number of transmission layers that the transport block is mapped onto;

-	 is the modulation order;

-	 is maximum value between the total number of coded bits available for transmission of the transport block and the total number of coded bits for transport block with maximum coding rate;


-	 if CBGTI is not present in the DCI scheduling the transport block and  is the number of scheduled code blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph: 

;

;

while 

if 

;

;
end if

;
end while
The rate matching output bit sequence ,I is number of coded bits available for transmission of the code block
------------------------------------ End of TP 38.212 V16.2.0 section 5.4.2.1---------------------------------



· Option 2: Skip encoding a transport block if the effective channel code rate is higher than 948/1024
	[bookmark: _Toc11352150][bookmark: _Toc20318040][bookmark: _Toc27299938][bookmark: _Toc29673212][bookmark: _Toc29673353][bookmark: _Toc29674346][bookmark: _Toc36645576][bookmark: _Toc45810621]------------------------------------ Start of TP 38.214 V16.2.0 section 6.4. 1---------------------------------
6.1.4	Modulation order, redundancy version and transport block size determination
To determine the modulation order, target code rate, redundancy version and transport block size for the physical uplink shared channel, the UE shall first


-	read the 5-bit modulation and coding scheme field in the DCI scheduling PUSCH or provided in a DCI activating a configured grant Type 2 PUSCH, or as provided by mcsAndTBS as described in Clause 6.1.2.3 for a configured grant Type 1 PUSCH to determine the modulation order  and target code rate (R) based on the procedure defined in Clause 6.1.4.1
-	read redundancy version field (rv) in the DCI to determine the redundancy version for PUSCH scheduled by DCI, or determine the redundancy version according to Clause 6.1.2.3.1 for configured grant Type 1 and Type 2 PUSCH, 
and second


-	use the number of layers , the total number of allocated PRBs  to determine the transport block size based on the procedure defined in Clause 6.1.4.2.
For actual PUSCH repetition for Type B PUSCH repetition, the UE may skip encoding a transport block in the actual PUSCH repetition for Type B PUSCH repetition, if the effective channel code rate is higher than 0.95, where the effective channel code rate is defined as the number of uplink information bits (including CRC bits) divided by the number of physical channel bits on PUSCH. 
------------------------------------ End of TP 38.214 V16.2.0 section 6.4. 1---------------------------------



Option 1 needs to puncture data, but it could provide combination gain among PUSCH repetition. Option 2 is similar as downlink transmission procedure. In downlink transmission, there is also a restriction on maximum coding rate for initial transmission.
Proposal 3: Option 1 and option 2 can be considered to define PUSCH transmission with coding rate >948/1024 procedure.
Conclusions
In this contribution, we show our views on PUSCH enhancement for URLLC with following proposals:
Observation 1: Symbol number ratio of the longest actual PUSCH repetition and the shortest actual PUSCH repetition could be in large range.
Observation 2: Considering spectrum efficiency, coding rate for each nominal PUSCH repetition is not small, so  it is very likely that coding rate for the shortest actual PUSCH repetition is larger than 1, especially for configured grant.
Observation 3: PUSCH transmission with coding rate >948/1024 is not defined in spec.
Observation 4: Ambiguous procedure for actual PUSCH repetition with code rate>948/1024  leads that gNB cannot decode the whole actual PUSCH repetition bundle correctly due to wrong combination among actual PUSCH repetitions within one bundle.
Proposal 1: Procedure on actual PUSCH repetition with code rate>948/1024 should be clarified in spec.
Proposal 2: For actual PUSCH repetition for Type B PUSCH repetition, assumption on maximum coding rate can be relaxed.
Proposal 3: Option 1 and option 2 can be considered to define PUSCH transmission with coding rate >948/1024 procedure.
References
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