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1. Introduction
In this contribution, we are discussing two remaining issues; one is related to power reduction rule, and the other is to Zone-ID.
2. Discussions on Power Reduction Rule
In this section, we would like to discuss some remaining issues with respect to the power reduction rule in NR V2X.
In the RAN1#98b meeting, the following agreements have been achieved for the power reduction rule between the sidelink carrier and the uplink carrier [1]. 
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In Clause 7.5 (Prioritizations for transmission power reductions) of TS 38.213 [2], the power reduction rule has been defined for carrier aggregation of different uplink carriers.
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Figure 1: An example showing simultaneous SL-PUCCH and uplink transmissions in CA
The aforementioned NR V2X agreements have covered the case where the sidelink carrier is different from the uplink carriers. However, they have not covered the case where the uplink carrier conveying sidelink HARQ-ACK is different from the other uplink carriers. It has been agreed that sidelink HARQ-ACK can be conveyed by PUCCH. To differentiate from regular PUCCH, we denote PUCCH conveying sidelink HARQ-ACK as SL-PUCCH hereafter. SL-PUCCH is transmitted on an uplink carrier. There can be a case where simultaneous SL-PUCCH and uplink transmissions are required and they are on different carriers. This case has not been covered by the existing agreements in NR V2X. An example of this case is shown in Figure 1. There are simultaneous SL-PUCCH and uplink transmissions, and SL-PUCCH is transmitted on an uplink carrier which is different from the other uplink carriers.

Furthermore, the aforementioned case in Figure 1 is not covered by NR Uu specifications either. There is a similar case in NR Uu where PUCCH, PRACH, PUSCH and SRS can be simultaneously transmitted on different carriers. As aforementioned, NR Uu has defined a power reduction rule for this case. Generally, the prioritization order (in descending order) is that PRACH > PUCCH > PUSCH > SRS. However, this power reduction rule does not apply to the case where SL-PUCCH, PUCCH, PRACH, PUSCH and SRS can be simultaneously transmitted on different carriers due to the difference between SL-PUCCH and regular PUCCH.

Based on the above analysis, the power reduction rule should be specified for simultaneous SL-PUCCH and uplink transmissions on different carriers. The power reduction rule should follow what has been defined for simultaneous sidelink and uplink transmissions. As shown in Figure 1, the carriers will be divided into two groups where one group corresponds to SL-PUCCH and the other group corresponds to uplink. If SL-PUCCH is prioritized over uplink, the uplink power should be adjusted such that the total power does not exceed PCMAX. If uplink is prioritized over SL-PUCCH, the SL-PUCCH power should be adjusted such that the total power does not exceed PCMAX. To determine the prioritization order between SL-PUCCH and uplink, the priority of SL-PUCCH will be needed. For SL-PUCCH, the priority should be the same as that of the conveyed sidelink HARQ-ACK. Since sidelink HARQ-ACK is associated with a PSSCH, the priority of SL-PUCCH is actually determined by the priority field of PSCCH which schedules that PSSCH.

Proposal-1: For the power limited case in supporting simultaneous SL-PUCCH and uplink transmissions (SL-PUCCH denotes PUCCH conveying SL HARQ-ACK, and the SL-PUCCH carrier is different from the uplink carrier),

· If SL-PUCCH transmission is prioritized over uplink transmissions, the UE shall adjust the uplink transmission power such that the total transmission power does not exceed PCMAX on any overlapped portion. 

· If uplink transmissions are prioritized over SL-PUCCH transmission, the UE shall adjust the SL-PUCCH transmission power such that the total transmission power does not exceed PCMAX on any overlapped portion. 
3. Discussions on Zone-ID
After RAN-1 #99 meeting, RAN1 had email discussion for Zone ID indication in [99-NR-01]. Based on the agreement, RAN1 has sent an LS to RAN2, regarding to additional high layer information for sidelink physical layer operations [1], including Zone-ID and communication range related parameters transmitted in SCI as follows:
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However, some issues on Zone-ID are remained as
· Whether/how to define a linkage between zone granularity and communication range requirement

· Details on length/width of each geographic zone and number of zones configured with respect to longitude/latitude

In this section, we resolve such remained issue, and have two discussions; one is related to Zone-ID versus communication range, and the other is to the communication range redefined based on Zone ID concept.
3.1. Zone-ID versus Communication Range

Some assumptions are considered as follows:
· The value of zone length: L
· The value of zone width: W
· The number of bits indicated for Zone ID: n
· The value of Zone ID longitude: 
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· The value of Zone ID latitude: 
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Figure 2 exemplifies the HARQ option-1 based sidelink transmission, with the assumptions of n = 6 bits (
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), where Zone ID is utilized to indicate the Tx-UE location. Due to the wrap-around issue, the maximum communication range within the wrap-around area seems to be 
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, only from the zone perspective.
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Figure 2: Illustration for zone length/width, Zone ID longitude/latitude, and communication range.
In order to figure out the proper communication range, 
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, associated with the configurable zone parameters, we consider a new parameter so called HARQ feedback area ratio (HFAR), 
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If we consider 
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 as the maximum communication range, for instance, the HFAR is equal to 
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, meaning that the unnecessary HARQ feedback percentage triggered by out-communication range Rx-UEs is 78.5%. This is not acceptable if HARQ option-1 mechanism is involved in HARQ process. Note that, SCI conveyed by PSCCH is much better than data channel and is decodable by Rx-UEs located in the wrap-around areas.
For the sake of simplicity, we propose that the communication range relies on 
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 is the (pre)-configured zone scaling factor with the value of 
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 are equivalent to HFAR = 20% and 78.5%, respectively. Note that, the zone scaling factor can be controlled to adjust the unnecessary HARQ feedback percentage. Therefore, the communication range can be determined according to the given parameters of zone size L and W, the number of bits indicated for Zone ID, n, and the zone scaling factor, 
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, as listed in Table 1.
Table 1: Example of zone size as a function of n and dcr
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 , in case of given ρ=0.25.
	
	50
	80
	180
	200
	350
	400
	500
	700
	1000

	10 bits
	6.25
	10
	22.5
	25
	43.75
	50
	62.5
	87.5
	125

	12 bits
	3.125
	5
	11.25
	12.5
	21.875
	25
	31.25
	43.75
	62.5

	14 bits
	1.5625
	2.5
	5.625
	6.25
	10.9375
	12.5
	15.625
	21.875
	31.25


Since the number of bits indicated for Zone ID is fixed, say 
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bits, we derive the zone size as a function of 
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, as listed in Table 2. Based on our system level simulation detailed in Annex, the best scaling factor is dependent on the communication range. Therefore, we propose to (pre)-configure the scaling factor 
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, which could be associated with the communication range.
Consequently, the zone size in terms of L and W does not need to be (pre)-configured and it can be derived based on (pre)-configured the zone scaling factor and communication range.
Table 2: Example of zone size as a function of n and dcr
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 , in case of given n=12.
	
	50
	80
	180
	200
	350
	400
	500
	700
	1000

	0.0625
	12.5
	20
	45
	50
	87.5
	100
	125
	175
	250

	0.125
	6.25
	10
	22.5
	25
	43.75
	50
	62.5
	87.5
	125

	0.25
	3.125
	5
	11.25
	12.5
	21.875
	25
	31.25
	43.75
	62.5

	0.5
	1.5625
	2.5
	5.625
	6.25
	10.9375
	12.5
	15.625
	21.875
	31.25


Proposal-2: Support 12 bits for the number of bits indicated for Zone ID.
Proposal-3: Support to introduce the (pre)-configurable parameter of zone scaling factor ρ, and Table 2 as a lookup table, whereby the zone size can be derived based on ρ and dcr.
3.2. Extended Communication Range
Based on our discussion, the zone size could be larger than 100m. In general, the distance between Tx-UE and Rx-UE is calculated by Rx-UE, based on the SCI indicated Tx-UE Zone-ID and its location coordinate. Thus, some uncertainty in the distance may occur due to Tx-UE location erroneous area in the zone. Figure 3 shows the three cases of Tx-UE location indication error.
· In case-1, Tx-UE is in the center of zone, where the location indication error does not occur.

· In case-2, Tx-UE is in the corner of zone where the worst indication error occurs. Some of necessary Rx-UEs within the communication range may miss the HARQ SFCI feedback.

· In case-3, Tx-UE is in the corner of zone where the worst indication error occurs as well. Some of unnecessary Rx-UEs out of communication range may be involved in the HARQ SFCI feedback.
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Figure 3: Three cases of Tx-UE location indication error.

In order to avoid the erroneous area, the coordinate of zone center cannot not be used for the distance calculation, and instead, the coordinate in the square edge of the zone should be taken as the Tx UE zone location. This means that the coordinate used for the distance calculation should be relaxed based on the zone size, in consideration of the worst scenario of communication range. Figure 4 shows how the communication range is extended according to the zone size. It should be noted that, the larger the zone size, the larger the extended area, and vice versa.
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Figure 4: Definition of communication range.
The extended communication range can be formulated by the coordinate of zone center. It is assumed that, the coordinate of zone center for Tx-UE is 
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, and the coordinate for Rx-UE is 
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. The determination whether Rx-UE is in the extended communication range relies on two parameters, the communication range, d (indicated by Tx-UE in the 2nd SCI), and the zone length L (or the zone width W), as well as the coordinates of Tx-UE and Rx-UE. Six areas can be considered for the judgement of Rx-UE in the extended communication range, as illustrated in Figure 5.
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Figure 5: Judgement area for extended communication range.
Thus, the Rx-UE is in the extended communication range, only when anyone of the following conditions corresponding to the judgement areas holds:
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eq - 1
Proposal-4: Support the extended communication range for Rx-UE to judge option-1 based HARQ feedback, with the detailed judgement equations in eq - 1.
4. Conclusions
According to the discussions above, we have the following proposals.

Proposal-1: For the power limited case in supporting simultaneous SL-PUCCH and uplink transmissions (SL-PUCCH denotes PUCCH conveying SL HARQ-ACK, and the SL-PUCCH carrier is different from the uplink carrier),

· If SL-PUCCH transmission is prioritized over uplink transmissions, the UE shall adjust the uplink transmission power such that the total transmission power does not exceed PCMAX on any overlapped portion. 

· If uplink transmissions are prioritized over SL-PUCCH transmission, the UE shall adjust the SL-PUCCH transmission power such that the total transmission power does not exceed PCMAX on any overlapped portion. 

Proposal-2: Support 12 bits for the number of bits indicated for Zone ID.

Proposal-3: Support to introduce the (pre)-configurable parameter of zone scaling factor ρ, and Table 2 as a lookup table, whereby the zone size can be derived based on ρ and dcr.
Proposal-4: Support the extended communication range for Rx-UE to judge option-1 based HARQ feedback, with the detailed judgement equations in eq - 1.
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Annex

The system level simulation is performed based on the simulation assumptions, listed in Table 3. 

Table 3: SLS simulation assumptions.

	Attributes
	Values or Assumptions

	Number of drop
	30

	Simulation length
	5000[slots](5s) + warmup(8000[slots])

	Scenario
	Base on Highway case of 3GPP TR 37.885 V15.1.0

	Channel model
	Pathloss：Table 6.2.1-1 of TR 37.885
Shadowing：STD 3dB, Decorrelation distance 25m
Fast fading：Section 6.2.3 in TR 37.885

	Speed of vehicle
	140km/h

	The distance between the rear bumper of a vehicle and the front bumper 
	Average 2.0[s] with min 2[m]
(vehicle length 5[m])

	Average number of vehicles
	145 on average, in 6 lanes

	SINR calculation interval
	1 RB, 1 slot

	Carrier frequency
	5.9[GHz]

	Bandwidth
	20[MHz] (100RBs, 1200subcarriers)

	Subcarrier spacing
	15[kHz]

	Slot length
	1[ms] (14symbols)

	Transmission power
	23[dBm]

	TX Antenna Configuration
	1 antenna

	RX Configuration
	4 antennas with λ/2 spacing

	Antenna pattern
	Omnidirectional

	Antenna height
	1.6 [m] (option A, type 2)

	Antenna gain
	3 [dBi]

	Noise figure
	9 [dB]

	Number of DMRS
	4

	Subchannel type
	PSCCH+PSSCH scheme

	Size of sub-channel
	50RB f

	Modulation and Code rate
Error curve type of PSCCH
	QPSK, Polar coding 

	Modulation and Code rate
Error curve type
of PSSCH
	16QAM, LDPC

  800byte: 50RB, R=0.3024

  1200byte: 50RB, R=0.4302 

	Traffic mode
	Traffic: medium traffic intensity
Periodic traffic:

  - traffic generate vehicle rate：50%

  - Inter-packet arrival time: 50 ms

  - Packet size: 1200 bytes with probability of 0.2 and 800 bytes with probability of 0.8

  - Latency requirement: 50 ms

	Resource selection scheme
	1. Mode-2 (with SCI decoded, PSSCH-RSRP)

	Threshold for excluding SCI decoded resources
	-128[dBm]

	SL_RESOURCE_RESELECTION_COUNTER
	1. The counter decremented by one after every transmission
2. Resource reselection is triggered if the counter reaches to zero (probResourceKeep=0.8)

	Repetition
	Chase combining with

the same number of sub-channels as initial Tx


Figure 6 and Figure 7 show the PRR as a function of vehicle-to-vehicle distance, compared between repetition, option 1 HARQ with zone (
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), and option 1 HARQ without zone, under the assumptions of periodic traffic, and communication range of 200m and 320m, respectively.
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Figure 6: PRR vs. vehicle-to-vehicle distance for mode-2, compared between repetition, option 1 HARQ with zone (ρ=0.0625, 0.125, 0.25, 0.5), and option 1 HARQ without zone, under the assumptions of periodic traffic, and communication range of 200m
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Figure 7: PRR vs. vehicle-to-vehicle distance for mode-2, compared between repetition, option 1 HARQ with zone (ρ=0.0625, 0.125, 0.25, 0.5), and option 1 HARQ without zone, under the assumptions of periodic traffic, and communication range of 320m
Relying on the same simulation, we can plot the zones to illustrate the HARQ feedback areas, in case of the zone based Tx-UE location indication with 
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, under the assumptions of communication range of 200m and 320m, respectively, shown in Figure 8 and Figure 9.
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Figure 8: The illustration of HARQ feedback area, in case of the zone-based Tx-UE location indication, under the assumptions of communication range of 200m.
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Figure 9: The illustration of HARQ feedback area, in case of the zone-based Tx-UE location indication, under the assumptions of communication range of 320m.
Therefore, the corresponding HARQ feedback ratios for both communication ranges are summarized in Table 4.
Table 4: HARQ feedback ratios.
	
	Repetition
	w/o zone
	ρ=0.0625
	ρ=0.125
	ρ=0.25
	ρ=0.5

	CR=200m
	1.00
	0.258
	0.220
	0.218
	0.420
	0.963

	CR=320m
	1.00
	0.482
	0.428
	0.488
	0.573
	0.945


Working assumption:


For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),


If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed � on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.


If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed � on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.


Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink


PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.


Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.


If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.


FFS: when to prioritize which transmission


FFS: how to address UE processing time


FFS: whether there is a case of dropping some symbols of uplink transmissions


Whether/how to address RF transient period is up to RAN4.





For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion � would exceed �, where � is the linear value of � in transmission occasion � as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to � for that frequency range in every symbol of transmission occasion �. When determining a total transmit power for serving cells in a frequency range in a symbol of transmission occasion �, the UE does not include power for transmissions starting after the symbol of transmission occasion �. The total UE transmit power in a symbol of a slot is defined as the sum of the linear values of UE transmit powers for PUSCH, PUCCH, PRACH, and SRS in the symbol of the slot. 


-	PRACH transmission on the PCell


-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information


-	PUCCH transmission with CSI or PUSCH transmission with CSI


-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell


-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 





Zone ID


RAN1 agreed that [12] bits are used for Zone ID


Communication range requirement


At least 4 bits are used


Candidates at least include {50, 80, 180, 200, 350, 400, 500, 700, 1000} meters
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