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Introduction
In order to aid unicast and groupcast/multicast communication which are going to be supported by the advanced NR V2X use cases, RAN1 is being defining procedures for feedback based HARQ retransmissions, CSI acquisition, power control, etc.
In this contribution, we continue discussion on open issues of the procedures. Also, specific aspects of resource allocation concerned with unicast and groupcast communication are presented in this contribution.
Views on other NR V2X design aspects are summarized in companion contributions [5]-[11]. In this contribution, in Appendix B we also provide SLS performance results for collection to TR 38.885 for unicast and groupcast in FR1.
[bookmark: _Ref1147859]HARQ Retransmission
[bookmark: _Ref534841939]Retransmission Resource Allocation
The general resource allocation aspects are mainly discussed in another agenda, but the aspects related to resource allocation for feedback based HARQ retransmissions are also analyzed in this section.
The basic principle of channel access (as postulated in [7]) is to avoid transmission on resources known to be used by other UEs (subject to measurements and QoS). In aperiodic traffic, it may be possible especially when single TB is transmitted using more than one slot/TTI so that initial slot may indicate the repetition resources to be avoided by other UEs.
In that context, it is proposed that even for feedback based HARQ retransmissions, a transmitting UE should be able to indicate/reserve retransmission resources prior to or during the initial transmission. In a simple approach, the indicated retransmission resources may be considered as occupied in same way as blind repetitions. However, a smarter approach may be applied to retransmission resources assuming those may not be utilized in case of successful reception:
Consider feedback based retransmission resources as having higher priority to be selected under other equal/similar assumptions, e.g. similar measurement and QoS metrics.
Consider feedback based retransmission resources as occupied until other indication overriding this assumption is received. For example, if SFCI carrying ACK for this transport block is received, or if SCI scheduling new TB for this HARQ ID / group ID is received.
Note, that slot aggregation may still be combined with feedback based retransmissions so that the feedback is only expected after whole bundle not after every repetition.
Proposal 1: 
Support indication/reservation of feedback based HARQ retransmission resources by SCI scheduling each transmission
FFS by other signal (e.g. reservation signal)
FFS how these resources are handled in resource selection and sensing

Feedback Timing and Resources
At the last meeting it was agreed that time gap between PSCCH/PSSCH and feedback is not signalled in SCI. This was mainly motivated by potential complexity at both TX and RX side to handle the different timelines in a distributed system.
The simplest rule for determining the time gap is a fixed offset. This implies allocation of PSFCH resources potentially in every slot. PSFCH resources in every slot are definitely not desirable due to extremely high overhead regardless of PSFCH channel design. For example, in case of “long PSFCH”, peak rate will be at most 50% of potentially achievable. In case of “short PSFCH”, additional AGC + switching gap inserted in every slot will significantly diminish useful PSSCH region.
These issues with PSFCH overhead may be solved by allocation them sparsely, e.g. every K slot. It offers a mechanism to shape PSFCH overhead in a preferred way at the expense of increased HARQ RTT.
Proposal 2: 
Slots with PSFCH resources are configured periodically

Having PSFCH region every K slots, it may not be possible to rely on one-to-one mapping between PSSCH and PSFCH frequency resources. For example, if one TB in slot ‘n’ is sent in sub-channel ‘X’, another TB in slot ‘n+1’ is sent in sub-channel ‘X+2’, those may be mapped to the same PSFCH slot into two different sub-channels. This would cause two PSFCH transmissions from the RX UE. Therefore, still some indication in SCI is necessary to multiplex feedbacks from multiple transport blocks in a single PSFCH resource.
Proposal 3: 
PSFCH resource determination in a slot is based on explicit signalling in SCI
When valid SFCI resource is not provided, then no PSFCH requested

It was also agreed that HARQ feedback for unicast and groupcast may be disabled at least by configuration. From signalling perspective, in this case, it is natural to support the case when SFCI resource is not provided that effectively means no HARQ feedback requested. The decision on HARQ feedback disabling may be based on multiple aspects, which include the following:
Congestion control: since feedback itself may consume resources, it may be disabled in some cases to improve system performance.
QoS control: some traffic types or services may not require high reliability so that HARQ feedback may not be useful. Some other services may require ultra-low latency transmission where there is no time budget for feedback base retransmissions. All these considerations may be realized by mapping particular QoS attribute combinations to enabling/disabling HARQ setting.
Further, as discussed in section 2.3, in case of Mode-1, the feedback transmission from RX to TX should follow same procedure as in Mode-2. Thus, in order to let gNB control also allocation of feedback resources, it should be determined by gNB and forwarded by the TX in SCI. Therefore, SFCI resource signalled/determined by TX should be supported.
The feedback from RX may also be transmitted subject to conditions:
TX-RX or TX-TX collisions with other procedures. In that case, whether to perform SFCI/PSFCH transmission may be subject to dropping rules based on QoS indicators and congestion control. The QoS indicators here are compared from the traffic requesting feedback transmission and the QoS of the other procedure in conflict, which may be either monitoring of higher priority traffic / signal or transmitting higher priority traffic / signal.
Congestion control functions. The congestion situation may be seen differently on TX and RX sides, therefore decision to send SFCI may be also made at RX side by refusing to transmit it.
QoS related filtering. It was also extensively discussed whether communication range (as part of PQI) may be used to decide on transmission of HARQ feedback in case of groupcast communication. We admit that it may be a good option to optimize connection-less type of groupcast (i.e. multicast). However, in our understanding, knowledge of the distance to TX may be obtained from non-access stratum without explicit signaling in SCI. For example, basic safety messages may already provide coordinates for surrounding UEs. Therefore, communication range based filtering should be a part of a more general QoS related filtering function and may not be visible in physical layer.
Proposal 4: 
When HARQ feedback operation is configured for a TX UE, actual feedback request may not be sent to the RX UE based on congestion control / QoS control functions
When HARQ feedback operation is configured for a RX UE, actual feedback may not be sent to the TX UE based on congestion control / QoS control functions

[bookmark: _Ref534556831]HARQ Feedback in Mode-1
It is also being analysed in our companion contribution [9] that retransmissions on sidelink in case of gNB-controlled resource allocation should also be possible based on HARQ feedback in unicast and groupcast. It was discussed last time that there may benefits if gNB is aware of reception status so that it can allocate retransmissions in case of failure.
First of all, it is clearly desirable that HARQ feedback on sidelink follows common procedure with Mode-2. Therefore, sending of the feedback to TX side is necessary and thus sending the reception status directly from RX UE to gNB may be redundant. Moreover, sending reception status to gNB may be limited only to cases of same serving cell and connected mode for the RX UE leading to unjustified complicated procedures.
Besides precluding to send HARQ-ACK to gNB from RX, the sharing of HARQ feedback with gNB may also be unjustified.
· First of all, as discussed in section 2.1, in order to enable sensing operation, potential HARQ retransmission resources should be signalled with every (re)transmission. For seamless Mode-1 and Mode-2 coexistence, this principle should be also respected in Mode-1. Thus, even for feedback based operation the resources for potential retransmission need to be signalled to a UE once scheduling initial transmission. This almost eliminates the need of sharing HARQ feedback with gNB.
· Second, for many case of groupcast communication there is no ACK going to be sent for resource usage improvement. In that case, it is also not possible to report ACK to gNB.
· Third, signalling of full HARQ feedback with ACK and NACK states per each HARQ process may complicate system design with marginal benefits expected. HARQ codebook re-design may be needed to handle this while the usefulness of ACK may be unclear
It may be still instrumental to enable fast request for retransmission resources from gNB. For this purpose, the TX may send SR on one or more SR configurations. Multiple configurations mapped to different LCH were already introduced in Rel.15 NR, thus it may be straightforward to reuse this mechanism. When PUSCH is scheduled in the same time, usual BSR may be appended to it.
One may argue that SR is usually triggered by data in the TX buffer while for retransmission purposes it is not usually used. However, in our understanding it is still much easier to update MAC behaviour for SR triggering rather than define new physical layer procedures and UCI types for SL feedback forwarding.

Proposal 5: 
In Mode-1, HARQ feedback request and reporting procedure on sidelink follows common procedure with Mode-2
In Mode-1, support fast sidelink resource request procedures based on SR and BSR mechanisms

[bookmark: _Ref528665075]CSI Acquisition
CSI Types
First of all, it should be discussed what is the purpose of CSI acquisition. In the agreement made at RAN1#94bis, the CSI was discussed in a wide context including both CSI for link adaptation procedures and measurements for channel access. It is our understanding, that CSI for resource allocation and distributed channel access purposes is a subject of related discussions in resource allocation for Mode-1 and Mode-2 scheduling.
Measurements
Long term measurements (i.e. L3 filtered) have been agreed last time. They may at least be used to set initial transmission parameters and procedures for groupcast and unicast communications. It may also be used for power control procedures. For these purposes, at least RSRP measurement should be introduced.
As for short term measurements (i.e. unfiltered and/or fast changing), we prefer to at least introduce RI reporting. It was previously shown [4] that open-loop MIMO schemes based on precoder cycling usually outperform closed loop schemes in moderately and highly mobile environments due to fast change of the channel. It is also observed that RI and CQI knowledge may provide further benefits to the open-loop MIMO schemes, as analysed in the next section in context of measurement resources.
Resources for Measurements
As a basic principle, all SL transmissions should be subject to channel access procedures. In that sense, standalone CSI-RS transmission or periodic CSI-RS transmission may violate this principle. Therefore, it is beneficial to apply common resource allocation mechanisms to the signals for CSI acquisition.
In our understanding, it may be enough for V2V sidelink communication that all measurements are be performed using DM-RS carried with PSCCH and/or PSSCH. A scheme based on DM-RS precoder cycling known to the receiver may allow to estimate CQI and RI with sufficient accuracy. In this case during the transmission setup or in the control information of the PSCCH the configuration of the open loop precoder cycling need to be transmitted to the receiver. With this information the precoding can be inverted and therefore the rank of the channel can be estimated.
In Figure 1 we evaluate the achieved throughput (TP) with the given DMRS based CSI feedback relative to the CSI feedback with perfect channel knowledge. The corresponding LLS simulation assumption are given in Table 1. Over the whole SNR range as well as under LOS and NLOS conditions the TP are the same as for the case that perfect channel knowledge is assumed for the CSI feedback calculation. A CSI feedback based on CSI-RS would also be susceptible to similar problems. In addition from the results we can also see that accurate feedback gives a much better performance if the feedback is very frequent, that however may not be practical in V2V system. For less frequent feedback the performance would benefit from outer loop link adaptation. 

[bookmark: _Ref534967791]Figure 1. TP results for RI/CQI feedback.
Nevertheless, it should be further studied whether such frequent CSI reporting is possible and useful in V2V deployment scenarios. It may be otherwise more suitable to apply longer term measurements and outer loop adaptation in such cases.
Other options may require allocation of dedicated CSI-RS signals which may also be carried together with PSCCH and/or PSSCH. In this case, the CSI-RS bandwidth may be different to the PSCCH/PSSCH bandwidth in order to be able to perform wideband estimation. However, resources for such transmission may need to be reserved in the system to avoid mismatched measurements due to collisions with other CSI-RS or other physical channels. This option also requires PSCCH to indicate the presence of CSI-RS.

Proposal 6: 
Resources for CSI acquisition are transmitted together with PSCCH and/or PSSCH
Support at least CSI acquisition on DM-RS of PSCCH and/or PSSCH
FFS support of dedicated CSI-RS signals with bandwidth different to PSCCH and/or PSSCH

Reporting Procedures
Having a measurement performed, it may need to be sent back to the requesting side. For these purposes, the same approach as for SFCI carrying HARQ feedback may be used. In addition, in case of relatively large CSI report (if introduced), it may be multiplexed to the usual shared channel.
For example, if a small fixed size CSI info is reported, it could be multiplexed to PSCCH or PSFCH while a larger/flexible size info may be carried in PSSCH as a MAC CE or as a sidelink RRC message (if introduced).
Proposal 7: 
Two mechanisms for CSI information reporting are supported:
Multiplexing in SL-SCH (as MAC CE or SL RRC)
Multiplexing in PSFCH

Procedures to Apply the Measurements
In general, there may be no specified procedure how to utilize the measurements except the procedures concerned with channel access, congestion control, power control which impact system performance. The results of measurements may be applied by the transmitter in implementation specific way similar to current gNB behaviour.

Behaviour to apply CSI measurements for unicast/groupcast link adaptation is a UE implementation aspect

Power Control
It was agreed that power control based on both pathloss to gNB and pathloss to another UE are supported. In case of usage of pathloss to gNB, the procedures may reuse what was done for Rel.12 sidelink communication.
As for sidelink pathloss, there are two general ways to calculate it:
· Measure RSRP at TX UE and apply knowledge of reference signal transmit power from the RX UE
· This procedure is similar to how Uu pathloss is calculated. It is done under assumption of semi-static reference signal power in DL. However, given that the whole purpose of the pathloss calculation is to change the power, it may not be a good option since any change of power would need to be signaled to the measuring UEs.
· Measure RSRP at RX UE and report it to the TX UE, which then calculates pathloss using knowledge of its own transmit power
· This procedure requires RSRP signaling and therefore potentially additional signal exchange. 
It is noted, that power control should be decided based on averaged/filtered measurements so that it is still an open loop and slowly changing process. Therefore, there should be mechanisms to control how frequently the transmit power can change. This may also be connected to CSI reporting procedures and periodicities.
In that context, it is slightly preferred to signal filtered RSRP for pathloss calculation.

Proposal 8: 
Filtered sidelink RSRP is reported on sidelink as part of CSI framework and may be used by the UE to calculate sidelink pathloss for open loop power control

Given that RSRP measurements are going to be used in channel access and sensing procedures, dynamic change of power level should not be used in order to keep consistent resource selection decisions. Therefore, closed loop power control should not be supported especially given its unclear benefits in the distributed communication system.

Proposal 9: 
Do not support closed loop power control on sidelink

Collision Management Procedures
Half-Duplex in Groupcast
There could be more than one group where a UE holds membership. The groups may either be dynamically formed (e.g. coordinated manoeuver, sensor sharing) or be relatively semi-static (e.g. platooning). Due to the fact that the group may be very dynamic, context setup for every group may impose a huge overhead. Therefore, the “connection-less” groupcast communication may be more suitable for NR V2X design assumption in some cases.
Following the connection-less paradigm of groupcast communication, it is crucial to minimize differences with broadcast type of communication in the same time optimizing the performance for this specific communication type.
First of all, in this particular case the resource collision for transmission and reception may need to be managed at some level. For example, it should be avoided that more than one member of a group transmit data towards other members in the same resource. Such collided transmissions may not only interfere at a receiver, they may also lead to the cases where the transmitting UEs miss each-other transmissions without chances for retransmission. 
Given that the group management functions may operate at relatively long time scale due to higher layer exchange, a lower layer collision avoidance mechanism may be needed for the faster time scale operation. In one example, the half-duplex collisions may be minimized during resource selection procedure so that time domain resources known (from prior transmissions) to be used by group members are given lower priority / weight for selection. For example, if there are near equally loaded resources in two different slots and one of the slots is known to be also used for group member transmission, the slot(s) without group member transmissions or with minimized number of group member transmissions may be prioritized for selection. This is illustrated in Figure 2, where light blue coloured zone is considered as candidate set although the light orange zone is also unoccupied while has half-duplex collision issue,


[bookmark: _Ref534635600]Figure 2. Illustration group-collision-aware channel access and resource selection

Another option to resolve half-duplex collisions in a group is to enable UE(s) which detect multiple simultaneous transmissions towards the same group ID to send NACK or to send a dedicated signal with collision announcement.

Proposal 10: 
Support channel access procedures where slots used by UEs of the same group are given lower priority for selection

General TX and RX Conflicts
Besides the described scenario of groupcast communication, a UE may operate even with different services simultaneously, i.e. groupcast, unicast, broadcast, where each service may contain traffic of different QoS. Furthermore, some of the traffic may require additional transmissions (e.g. SFCI, reservation, pre-emption) and some not. All this may lead to situations when more than one signal may be pending for transmission or reception.
It is natural to apply prioritization between different procedures based on QoS indicators such as priority, reliability, latency etc. In case of similar QoS, different service types may be prioritized either based on UE implementation / constraints or based on further tie-breaking rules. For example, unicast may prioritized over broadcast etc. or, sidelink measurements may be used to decide which one to prioritize. Also, in another example if different links request SFCI transmission in collided resources and there is equal QoS, ACK transmission may be prioritized over NACK so that DTX is detected on one link and ACK is detected on another link that leads to similar result as sending both ACK and NACK.
Proposal 11: 
Support resolving intra-UE collisions based on prioritization using QoS attributes
In case of equal/similar QoS, apply service type based prioritization and sidelink measurements

RX Assistance Procedures
Possibility of feedback is a unique attribute for unicast communication links and thus should be exploited as much as possible without substantially violating common channel access principles and resource reservation concepts. Besides transmission of the HARQ feedback carried in SFCI/PSFCH, in case of unicast links receiver may be able to assist in resource selection for transmission, given that information at the TX side is not optimal due to asymmetric interference conditions.
The assistance information has definite benefits under certain conditions. For example, as shown in our previous contribution [12], in case of periodic traffic it may help to establish unicast communication in resources seen least congested at both TX and RX sides and therefore minimize hidden-node interference effects. However in aperiodic traffic conditions, depending on system loading and number of repetitions for a transmission, assistance information may not be always useful, especially if it is concerned with additional signal exchange. The additional signal exchange may in some cases introduce more interference into the system as well as delay data transmission.


[bookmark: _Ref513305204]Figure 3. Illustration of distributed scheduling mode with RX assistance.

In order to minimize additional signal exchange, the assistance information may be multiplexed with HARQ feedback carried in SFCI as illustrated in Figure 4. The assistance information may in extreme case just replicate the reservation information sent by the transmitter so that UEs surrounding the receiver can exclude them from selection windows. As it is discussed in section 2, even in case of HARQ operation, the retransmission resources may be signalled in advance, thus may be known to the receiver from initial SCI.


[bookmark: _Ref534966815]Figure 4. Assistance sent with SFCI.

Proposal 12: 
In case of unicast operation, support sidelink RX assistance (SG-SCI) sent in response to:
Standalone PSCCH, and/or
PSCCH scheduling PSSCH
Support inclusion of information from SG-SCI to resource selection procedures of all UEs detected this signal

Conclusions
In this contribution, we have discussed L1 procedures for sidelink HARQ, CSI, and power control. In addition, specific issues of resource allocation procedures related to unicast and groupcast were also considered. Based on the discussion the following proposals are made:
Proposal 1:
Support indication/reservation of feedback based HARQ retransmission resources by SCI scheduling each transmission
FFS by other signal (e.g. reservation signal)
FFS how these resources are handled in resource selection and sensing
Proposal 2:
Slots with PSFCH resources are configured periodically
Proposal 3:
PSFCH resource determination in a slot is based on explicit signalling in SCI
When valid SFCI resource is not provided, then no PSFCH requested
Proposal 4:
When HARQ feedback operation is configured for a TX UE, actual feedback request may not be sent to the RX UE based on congestion control / QoS control functions
When HARQ feedback operation is configured for a RX UE, actual feedback may not be sent to the TX UE based on congestion control / QoS control functions
Proposal 5:
In Mode-1, HARQ feedback request and reporting procedure on sidelink follows common procedure with Mode-2
In Mode-1, support fast sidelink resource request procedures based on SR and BSR mechanisms
Proposal 6:
Resources for CSI acquisition are transmitted together with PSCCH and/or PSSCH
Support at least CSI acquisition on DM-RS of PSCCH and/or PSSCH
FFS support of dedicated CSI-RS signals with bandwidth different to PSCCH and/or PSSCH
Proposal 7:
Two mechanisms for CSI information reporting are supported:
Multiplexing in SL-SCH (as MAC CE or SL RRC)
Multiplexing in PSFCH
Proposal 8:
Filtered sidelink RSRP is reported on sidelink as part of CSI framework and may be used by the UE to calculate sidelink pathloss for open loop power control
Proposal 9:
Do not support closed loop power control on sidelink
Proposal 10:
Support channel access procedures where slots used by UEs of the same group are given lower priority for selection
Proposal 11:
Support resolving intra-UE collisions based on prioritization using QoS attributes
In case of equal/similar QoS, apply service type based prioritization and sidelink measurements
Proposal 12:
In case of unicast operation, support sidelink RX assistance (SG-SCI) sent in response to:
Standalone PSCCH, and/or
PSCCH scheduling PSSCH
Support inclusion of information from SG-SCI to resource selection procedures of all UEs detected this signal
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Appendix A – Link Level Evaluation Assumptions
[bookmark: _Ref534968011]Table 1: LLS assumptions RI/CQI fedback
	Parameter
	Value

	Relative speed
	30 km/h

	Channel model 
	NR V2X Urban LOS + NLOS

	Rx Antennas
	4

	Tx Antennas
	2

	Waveform
	CP-OFDM

	RBs
	25

	Carrier Frequency
	5.9 GHz

	Modulation format
	Adaptive based on CQI feedback

	SCS
	30 kHz

	Code rate
	Adaptive based on CQI feedback

	Channel Estimation 
	MMSE



Appendix B – System Level Evaluation of Unicast and Groupcast
In this section, system level evaluation results of unicast and groupcast communication profiles for both types of traffic are presented as part of collection of results for TR 38.885. The assumptions used for evaluation are collected in Appendix C. The channel access schemes are same as used for broadcast communication in [7].
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Figure 5. SLS evaluation results for Unicast profile in FR1.
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Figure 6. SLS evaluation results for Groupcast profile in FR1.

Appendix C – System Level Evaluation Assumptions
[bookmark: _Ref534982661]Table 2: System level evaluation assumptions
	Parameter
	Value

	Deployment scenario
	· Highway Option A scenario from NR V2X methodology TR 37.885
· Urban Option A scenario from NR V2X methodology TR 37.885

Vehicle speed = 140 km/h

	Channel model
	TR 37.885 NR V2X Channel Model 

	Spectrum allocation
	Carrier frequency: 6GHz
Simulated Bandwidth:20 MHz

	Subcarrier spacing
	30 kHz

	Traffic model
	Periodic variable packet size broadcast traffic (according to the NR V2X Broadcast Profile):
· Packet size: [800, 1200] Byte with probabilities [0.8, 0.2] accordingly
· Inter-packet arrival time: 50 ms
· Latency requirement: 50 ms 
· 50% Vehicle UEs transmit data

Aperiodic variable packet size broadcast traffic (TR 37.885 Aperiodic Model 1 traffic):
· Packet size: uniform in the range [200..2000] Byte with quantization step of 200 Byte 
· Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
· Latency requirement: 50 ms
· 100% Vehicle UEs transmit data 

	TTI structure
	NR Slot TTI: 10 Symbols for control/data, 4 Symbols total overhead 

	Sidelink control TX parameters 
	64 Bits
QPSK Modulation

	SCI/Data resource multiplexing
	SCI and Data transmission with time-domain multiplexing in a slot (Option 1b)

	SCI/Data frequency resource allocation
	· PSCCH: 5 PRB
· PSSCH: 25 PRB

	SCI/Data time resource allocation
	· PSCCH: 2 Symbols
· PSSCH: 8 Symbols

	Data Packet Tx parameters
	Periodic variable packet size evaluations:
· 800 Byte packet: 16-QAM, 3TTI (CRTTI = 0.66) 
· 1200 Byte packet: 16-QAM, 3TTI (CRTTI = 1)

Aperiodic variable packet size evaluations: 
· 200 Byte packet: QPSK, 2 TTI(CRTTI = 0.33, CRAll = 0.17)
· 400 Byte packet: QPSK, 2 TTI(CRTTI = 0.67, CRAll = 0.33)
· 600 Byte packet: 16-QAM, 2 TTI(CRTTI = 0.5, CRAll = 0.25)
· 800 Byte packet: 16-QAM, 2 TTI(CRTTI = 0.66, CRAll = 0.33)
· 1000 Byte packet: 16-QAM, 3 TTI(CRTTI = 0.83, CRAll = 0.27)
· 1200 Byte packet: 16-QAM, 3 TTI(CRTTI = 1, CRAll = 0.33)
· 1400 Byte packet: 16-QAM, 4 TTI(CRTTI = 1.16, CRAll = 0.29)
· 1600 Byte packet: 16-QAM, 4 TTI(CRTTI = 1.33, CRAll = 0.33)
· 1800 Byte packet: 16-QAM, 5 TTI(CRTTI = 1.5, CRAll = 0.38)
· 2000 Byte packet: 16-QAM, 5 TTI(CRTTI = 1.67, CRAll = 0.42)
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