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1. [bookmark: OLE_LINK1]Introduction
This contribution provides the details of our TEI proposals. Two TEI proposals and the corresponding supporting companies are listed as follows:
TEI proposal 1 (i.e. Proposal 1 in Section 2): Support of 1-symbol PRS 
· Supported by ZTE, CMCC, CATT, xiaomi, Sanechips
TEI proposal 2 (i.e. Proposals 2-1&2-2 in Section 3): Support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI 
· Supported by ZTE, China Telecom, Sanechips

2. Proposal for support of 1-symbol PRS
2.1 Background
In Rel-16, wireless positioning methods were introduced in NR, where DL PRS and UL SRS for positioning are supported. For positioning SRS, the number of SRS symbols can be configured with {1, 2, 4, 8, 12}[1]. However, the candidate numbers of PRS can only be {2, 4, 6, 12}, and 1-symbol PRS was not supported in the specification because of some concerns that the observation window for PRS measurement in time domain is reduced to half compared with two PRS symbols. For example, when comb 2 is used, the observation window of 1-symbol PRS measurement is only half of OFDM symbol. Due to potential long distance between target UE and some TRPs especially in outdoor scenarios such as RMa, UMa, the half OFDM symbol of the observation window may not be enough.   
In Rel-17, the commercial use cases and IIOT use cases are more on indoor scenarios, such as InF-DH and InF-SH where the room size is only 300x150 m2 or 120x60 m2 [2]. In such cases, the distance between the target UE and TRPs are usually near enough. Hence, a half of OFDM symbol for observation window is quite enough.
In Rel-18, support of 1-symbol PRS was discussed in LPHAP agenda in the study item of expanded and Improved NR Positioning. In the study item, the conclusion was captured in TR 38.859 [3] as follows. Some companies raised concern on support of 1-symbol PRS because the proposal was not only for power saving purpose in RRC inactive mode, the more benefit is to increase the PRS capacity both for RRC connected and inactive state. There was no technical concern raised.
	38.859:
Enhancements on simplified DL PRS configuration with 1-symbol PRS can be studied further and if needed, specified during normative phase


In RAN#98e meeting, a WID on Expanded and Improved NR Positioning was approved for Rel-18 and 1-symbol PRS was not included because of high RAN1 workload [4]. There was still not technical concern raised.
2.2 Discussion
In this section, we list the benefit of support of 1-symbol PRS. 
· PRS overhead reduction
The main motivation of support of 1-symbol PRS is to reduce PRS overhead. As mentioned in section 2.1, 1-symbol PRS is sufficient in indoor scenarios because of short distance between UE and TRPs. 
· Increasing PRS capacity
As we know, wireless-dependent positioning techniques are more promising to be deployed in indoor scenarios because of GNSS coverage issue. However, high positioning accuracy are not easily achievable because there may be many obstacles in the indoor scenarios, and LOS conditions between the target UE and TRPs cannot be satisfied. To get LOS links between the target UE and more TRPs, high density TRPs should be deployed in the indoor factory, shopping mall or indoor office. To avoid serious PRS interference from TRPs, more time and frequency domain resources are needed, and PRS capacity will be an issue. 1-symbol PRS is beneficial for handling this issue especially on high frequency bands in which TDMed beam sweeping is needed.  
· Power saving
Because UE only needs to measure 1-symbol PRS rather than 2 or more, power saving gain can be achieved because of less buffering time, less processing period. The evaluation can be found in TR 38.859 [3]. From gNB side, less power consumption is also obtained.
· Beneficial for RedCap UE positioning
In Rel-18 RedCap UE positioning, PRS hopping will be specified. UE can aggregate multiple PRS hops and get an effective large PRS bandwidth to improve location accuracy. However, due to the fact that multiple hops should be transmitted in TDMed manner, the time gap between the PRS hops should be short enough to ensure phase/timing coherent, i.e. to avoid serious impact of Doppler, phase offset, timing offset, power imbalance among hops. Support of 1-symbol PRS is helpful in such case since the duration of each PRS hop is reduced, and the total time gap among PRS hops is reduced accordingly.
2.3 Proposed enhancement
Proposal 1: Support 1-symbol PRS. 
· Without impact on legacy comb sizes, i.e. reuse comb size 2, 4, 6, 12
In addition, the PHY specification impacts are listed in the Appendix 1.

3. Proposal for Support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI
[bookmark: _Ref4817]3.1 Background
In Rel-17 CE SI, most UL channels are identified as the coverage bottleneck channels in many scenarios, e.g., Rual 700MHz FDD NLOS O2I scenario [5]. Up to Rel-17, PUSCH repetition Type A is supported when transmitting PUSCH scheduled by a grant among the following cases. 
· DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1;
· RAR UL grant, i.e., Msg3 initial transmission;
· DCI format 0_0 with CRC scrambled by TC-RNTI, i.e., Msg3 re-transmission. 
In Rel-18, PRACH repetition [6] and repetition of PUCCH carrying Msg4 HARQ-ACK [7] will be further supported. PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI is the only UL channel does NOT support repetition transmission. 
In this contribution, the coverage performance of PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, e.g., Msg5 PUSCH, is evaluated. And potential issues and corresponding mechanisms to support Msg5 PUSCH repetition are also discussed. 
3.2 Coverage analysis
As shown in Figure-1, after a UE performing 4-step RACH procedure, the network would schedule Msg5 PUSCH transmission to complete the RRC setup. Typically, the network performs the first RRC reconfiguration according to the UE capability information. Before the UE capability is reported, some functions that need to be determined based on the UE capability information cannot be configured. Therefore, before the first RRCReconfiguration message is received, DCI formats other than 0_0 cannot be used for UL scheduling. So, Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, cannot be scheduled with repetition. 
Observation 1: Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, is the only uplink channel does not support repetition transmission in Rel-18. 
[image: ]
Figure-1: Higher layer procedure for a UE accessing the network
It is observed that Msg5 transmission is the coverage bottleneck according to the real filed test. The situation would get worse when repetition transmission of PRACH/Msg3/Msg4 HARQ-ACK is enabled. This is because more UEs would access to the network after the RACH procedure while congested during Msg5 transmission. 
Observation 2: Msg5 PUSCH is the coverage bottleneck according to the real filed test.
Msg5 PUSCH is now the only channel does not support repetition transmission in Rel-18. However, it may have even worse coverage than some other UL channels (e.g., Msg3 PUSCH according to the evaluation below). Therefore, no support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage related features, especially for repetition based features including the ones for NTN.  
Observation 3: No support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage related features.
To further evaluate the transmission performance of the Msg5 PUSCH, some link-level simulations are performed. Regarding the information carried by the Msg5 PUSCH, the packet size is assumed as 118 Bytes, which contains RRCSetupComplete (~102 Bytes), potential PHR and BSR (10 Bytes), and sub-layer (including, PDCP, RLC and MAC) header overhead (6 Bytes). As shown in Figure-2, TDD frame structure ‘DDDDD DDSUU’ with 30kHz SCS is used in the simulation. Then, there will be at most 2 times of transmission during one radio frame. The other detail simulation assumptions can be found in the Appendix 2. 
[image: ]
Figure-2: TDD frame structure used in the simulation
In the simulation, the Msg5 PUSCH transmission performances under different maximum transmission times are evaluated. For example, ‘Msg5 with max 2 (re-)transmissions’ represents that there are at most 2 transmissions for Msg5 PUSCH, including initial transmission and retransmission. The performance of Msg3 PUSCH transmissions with different repetition factors (i.e., 1, 2, 4 and 8) are taken as baseline. The simulation results are showed in Figure-3 and Table-1. 

Figure-3: Performance for Msg3 and Msg5 PUSCH transmission
Table-1: Performance for Msg3 and Msg5 at BLER = 0.1.
	Simulation cases
	Target SNR (dB) w/o power normalization
	Target SNR (dB) w/ power normalization to one PRB

	Msg3 without repetition
	-7.31
	-4.3

	Msg3 with 2 repetitions
	-11.24
	-8.23

	Msg3 with 4 repetitions
	-13.66
	-10.65

	Msg3 with 8 repetitions
	-15.91
	-12.9

	Msg5 with max 2Tx (re)-transmissions
	-9.21
	5.84

	Msg5 with max 4Tx (re)-transmissions
	-10.25
	4.8

	Msg5 with max 8Tx (re)-transmissions
	-11.18
	3.87



According to the above simulation results, significant performance gap can be observed between Msg5 PUSCH and Msg3 PUSCH, even though HARQ retransmissions are enabled for Msg5 PUSCH while not for Msg3 PUSCH. It means that Msg5 PUSCH has more severe coverage issue than Msg3 PUSCH and therefore is the coverage bottleneck. 
Observation 4: The performance gap between Msg5 PUSCH transmission and Msg3 PUSCH transmission is large, which is summarized in the following table.
	Performance gap(dB) between Msg5 and Msg3 at BLER = 0.1 
	Msg3 without Repetition
	Msg3 with 2 Repetitions
	Msg3 with 4 Repetitions
	Msg3 with 8 Repetitions

	Msg5 with max 2 (re)-transmissions
	>10
	>10
	>15
	>15

	Msg5 with max 4 (re)-transmissions
	9.1
	>10.
	>15
	>15

	Msg5 with max 8 (re)-transmissions
	8.17
	>10
	>10
	>15



Similar coverage issue could be observed for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI even after UE capability reporting. Thus, we propose to support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
[bookmark: OLE_LINK15]Proposal 2-1: Support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI.  
3.3 Proposed enhancement 
Both Msg5 PUSCH and Msg3 retransmission are scheduled by DCI format 0_0, and the only difference is the RNTIs used. That is, TC-RNTI is used to scramble CRC of the DCI format for Msg3 retransmission scheduling, while C-RNTI is used Msg5 PUSCH. Therefore, from our perspective, similar repetition mechanism can be reused to support Msg5 PUSCH repetition, and the standardization effort would be limited. In this context, we can consider the following solution for support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 
· Alternatively, using separate PRACH resources for the request can also be considered, while this would result in further PRACH partition and therefore not preferred. 
· This is similar as the discussion in Rel-18 NTN WI, where the request of PUCCH repetition for Msg4 HARQ-ACK is also proposed to be carried in Msg3 PUSCH. 
Proposal 2-2: For support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, adopt the following solution. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 
4. Conclusion
· The following proposal is for PRS enhancement:
Proposal 1: Support 1-symbol PRS. 
· Without impact on legacy comb sizes, i.e. reuse comb size 2, 4, 6, 12

· The following observations and proposals are provided for support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI: 
Observation 1: Msg5 PUSCH, which is scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, is the only uplink channel does not support repetition transmission in Rel-18. 
Observation 2: Msg5 PUSCH is the coverage bottleneck according to the real filed test.
Observation 3: No support of Msg5 PUSCH repetition would jeopardize the commercialization of other Rel-17 and Rel-18 coverage related features.
Observation 4: The performance gap between Msg5 PUSCH transmission and Msg3 PUSCH transmission is large, which is summarized in the following table.
	Performance gap(dB) between Msg5 and Msg3 at BLER = 0.1 
	Msg3 without Repetition
	Msg3 with 2 Repetitions
	Msg3 with 4 Repetitions
	Msg3 with 8 Repetitions

	Msg5 with max 2 (re)-transmissions
	>10
	>10
	>15
	>15

	Msg5 with max 4 (re)-transmissions
	9.1
	>10
	>15
	>15

	Msg5 with max 8 (re)-transmissions
	8.17
	>10
	>10
	>15



Proposal 2-1: Support PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI.  
Proposal 2-2: For support of PUSCH repetition type A for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, adopt the following solution. 
· For the transmission schemes, reuse the same approach as Msg3 re-transmission which is scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, including repetition indication, RV determination, available slot determination and frequency hopping etc. 
· During initial access, a UE can request repetition transmission for PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI via Msg3 PUSCH transmission. 
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Appendix 1 - Potential CR on 38.211 for 1-symbol PRS

[bookmark: _Toc29230406][bookmark: _Toc45107504][bookmark: _Toc106014864][bookmark: _Toc51774173][bookmark: _Toc36026665]7.4.1.7.3	Mapping to physical resources in a downlink PRS resource
[bookmark: _Hlk20398772]For each downlink PRS resource configured, the UE shall assume the sequence  is scaled with a factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the downlink PRS resource for which the UE is configured;
-	the symbol  is not used by any SS/PBCH block used by a serving cell for downlink PRS transmitted from the same serving cell or any SS/PBCH block from a non-serving cell whose time frequency location is provided to the UE by higher layers for downlink PRS transmitted from the same non-serving cell;
[bookmark: _GoBack]-	the slot number satisfies the conditions in clause 7.4.1.7.4.
and where 
-	the antenna port 
-	 is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter dl-PRS-ResourceSymbolOffset;
-	the size of the downlink PRS resource in the time domain  is given by the higher-layer parameter dl-PRS-NumSymbols;
-	the comb size  is given by the higher-layer parameter dl-PRS-CombSizeN-AndReOffset for a downlink PRS resource configured for RTT-based propagation delay compensation, otherwise by the higher-layer parameter dl-PRS-CombSizeN such that the combination  is one of {1, 2}, {1, 4}, {1, 6}, {1, 12}, {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12};
-	the resource-element offset  is obtained from the higher-layer parameter dl-PRS-CombSizeN-AndReOffset;
[bookmark: _Hlk20911140]-	the quantity  is given by Table 7.4.1.7.3-1.
If the downlink PRS resource is configured for RTT based propagation delay compensation as described in clause 9 of [6, TS 38.214], the reference point for  is subcarrier 0 in common resource block 0; Otherwise, the reference point for  is the location of the point A of the positioning frequency layer, in which the downlink PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA.
Table 7.4.1.7.3-1: The frequency offset  as a function of .
	
	Symbol number within the downlink PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5

	12
	0
	6
	3
	9
	1
	7
	4
	10
	2
	8
	5
	11



Appendix 2- LLS assumptions for PUSCH 
Table A-1 Simulation assumption for Msg3 and Msg5
	Parameter
	Value

	Carrier frequency
	4GHz

	Channel model
	TDL-C (delay spread: 300ns) as in 38.901 for urban scenario

	UE speed
	3 km/h for Urban

	BS antenna configuration
	4Rx

	UE antenna configuration
	1 Tx

	System bandwidth
	100 MHz

	Sub-carrier spacing
	30kHz

	TBS(bits)
	56bits for Msg3, 984bits for Msg5

	Occupied RBs
	2 for Msg3, 32 for Msg5

	MCS
	0

	Waveform
	DFT-s-OFDM

	Number of OS per repetition
	14 (PUSCH mapping type A)

	DMRS overhead
	3 DMRS symbols

	Number of repetitions
	1/2/4/8

	Max number of Re-transmissions
	1/3/7

	Frequency hopping
	w/ hopping

	TDD pattern
	DDDDDDDSUU

	Channel estimation
	Practical

	Receiver type
	MMSE





Uma-4GHz-TDD
Msg3 w/o Repetition 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.96713000000000005	0.87514999999999998	0.68276999999999999	0.41422999999999999	0.21804000000000001	0.10721	Msg3 with 2 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.98477000000000003	0.90500999999999998	0.69418999999999997	0.39760000000000001	0.15792	4.369E-2	1.082E-2	Msg3 with 4 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.81330000000000002	0.52368999999999999	0.26362000000000002	8.0130000000000007E-2	2.324E-2	Msg3 with 8 Repetitions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	0.41505999999999998	0.14102999999999999	3.6499999999999998E-2	1.6000000000000001E-3	Msg5 with max 2 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99880000000000002	0.96758	0.84106000000000003	0.54374	0.23480000000000001	7.7740000000000004E-2	Msg5 with max 4 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99919999999999998	0.93164000000000002	0.71409999999999996	0.34615000000000001	0.11427	3.0169999999999999E-2	Msg5 with max 8 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	1	0.99200999999999995	0.87922999999999996	0.54346000000000005	0.18412999999999999	3.0589999999999999E-2	5.2599999999999999E-3	Msg5 with max 1 (re-)transmissions 	-18	-16.5	-15	-13.5	-12	-10.5	-9	-7.5	
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