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1. Introduction
In Rel-17, there is a UE power saving WID agreed in RAN 86 [1], the scope of which is given as follows:
	1)  Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
   a)	Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting
   b) 	Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
2)  Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
   a) 	Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1] 
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized.
   b) 	Study the feasibility and performance impact of relaxing UE measurements for RLM and/or BFD, particularly for low mobility UE with short DRX periodicity/cycle, and specify, if agreed, relaxation in the corresponding requirements [RAN4]
· NOTE: Supplementary RAN2 work, if needed, can be triggered by RAN4 LS



In this contribution, we will discuss the DCI-based power saving adaptation. Section 2 discusses and identifies the scenarios and challenges for PDCCH monitoring reduction. Section 3 gives some technique directions to deal with these challenges. Section 4 gives the evaluation methodology and traffic models for evaluating the technique directions. Finally, proposals are given in Section 5.

2. Challenges to be handled for UE power saving in connected mode
In Rel-16 WI of UE power saving, the following techniques are specified.
· WUS linked to CDRX onduration
· Cross-slot scheduling enhancement
· Adaptation of maximum DL MIMO layers
· RRM relaxation for neighbor cell in idle/inactive mode
· UE assistant information of power saving
· Scell dormancy
Most of these Rel-16 techniques except RRM relaxation for neighbor cell in idle/inactive mode are targeting power saving in connected mode. For Rel-17, there are still some power saving challenges as following in connected mode and Rel-16 techniques can’t handle them sufficiently.
· Same search space configuration for DL grant and UL grant
· Search space group switching without BWP framework is not efficiently supported
· FR2 analog beam issue
2.1 Same search space configuration for DL grant and UL grant
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously by search space set as shown below in TS 38.331, i.e. DCI format 0_1 and 1_1, DCI format 0_2 and 1_2 (marked yellow as below). Typically, the non-fallback DCIs for DL and UL scheduling have different DCI sizes. That means UE need to blind decoding both. 
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    ...                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL, -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...,
            [[
            dci-FormatsSL-r16                    ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats3-0, formats3-1,
                                                             formats3-0-And-3-1}                        OPTIONAL,    -- Need R
            dci-FormatsExt-r16                   ENUMERATED {formats0-1-And-1-1, formats0-2-And-1-2, formats0-1-And-1-1And-0-2-And-1-2}
                                                                                                        OPTIONAL,    -- Need N
            searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)                  OPTIONAL,    -- Need R
            freqMonitorLocations-r16             BIT STRING (SIZE (5))                                  OPTIONAL     -- Need R
            ]]
        }
    }                                                                                                   OPTIONAL    -- Cond Setup2
}

However, most services are asymmetrical in DL and UL. For example, file downloading, file uploading, web browsing etc. Another example is some use cases described in the scope of RedCap NR devices, the traffic is mainly either DL dominant or UL dominant, e.g. video surveillance and industrial sensors have UL dominant traffic, it is desired to configure non-fallback DCI for UL scheduling for more frequent monitoring than non-fallback DCI for DL scheduling. Otherwise, when the UL and DL non-fallback DCI sizes are different, it increases the number of BDs; Figure 1 gives an example, as shown in Figure 1(a), DL packets arrival are much denser than UL packets. In Figure 1(b), from T1 to T6, UE blind decodes both UL and DL grant in every slot according search space configurations. In Figure 1(c), only one UL grant is received in T2 and in other slots there is no UL grants transmitted. In such traffic scenario, there is power wasting due to unnecessary blind decoding for UL grants.


Figure 1. Mismatch between DL/UL packets arrival and DL/UL grant monitoring

Observation 1: 
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously, which means UE need to blind decode both DCI formats in the same monitoring occasions. However, it is inefficient for UE power consumption if the DL and UL traffic are not symmetric.

2.2 Search space group switching without BWP framework is not efficiently supported
In Rel-16, wake up signal (WUS) is introduced to indicate UE whether to monitor PDCCH in CDRX onduration or not. When UE is in CDRX active time, e.g., CDRX-inactivity timer starts, UE needs to monitor PDCCH according to all search space and CORESET configurations. It is more desirable that the PDCCH monitoring can be based on the current traffic load and UE battery state, which means it is beneficial to support dynamic change the search space and CORESET configurations. 
In Rel-15/16, search space and CORESET are configured per BWP, so for power saving purpose, a UE can be indicated to dynamically switch PDCCH monitoring by BWP switching. However, given the maximum number of BWPs for DL/UL per cell is 4, and BWP switching may also be used for other functions e.g. different BWP may indicate different bandwidth (e.g., 20MHz BWP and 100MHz BWP) and different maximum DL MIMO layers (e.g., BWP of 2Rx and BWP of 4Rx), it is difficult to support PDCCH monitoring adaptation by BWP switching in reality.
It is understood that techniques in Rel-16 and Rel-17 UE power saving WI should be general and can be used for RedCap UEs. However, for RedCap UEs, the system bandwidth of FR1 can be e.g., 20MHz. Dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth. Therefore, it is worthwhile to consider PDCCH monitoring adaptation not relying on BWP switch framework (as shown in Figure 2). 
In addition, the Rel-15/16 dynamic BWP switching requires significant delay according to the RAN4 requirement even if only PDCCH monitoring parameter is different between the two BWPs, which is not efficient
Observation 2: 
It is necessary to support search space group switching without BWP framework for both RedCap UE and non-RedCap UEs, due to the following restrictions of BWP framework.
· In Rel-15 and Rel-16, the maximum number of configured BWPs for DL/UL per cell is 4 and the BWPs may already be used for adapting different bandwidth and different maximum DL MIMO layers, the remaining BWPs to indicate different SS configuration is limited.
· For RedCap UEs, dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth.
· Long BWP switching delay




Figure 2. PDCCH monitoring adaptation not relying on BWP switch framework
2.3 FR2 analog beam issue
In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. When there are lots of UE in different directions of cell, gNB need to schedule different UEs in different slots. Then for one UE, e.g., the target UE as depicted in Figure 3, from T1 to T7, it cannot be scheduled until in slot T8, since gNB need to generate beams to schedule other UEs in beam #1~#7. Then there is a time duration (T1 to T7) where the target UE can skip monitoring PDCCH to save power. In FR2, UE can be configured with multiple CORESEs. Each CORESET can be associated with different TCI state to increase the diversity against the blockage and also increase the data rates. Then UE may need to track all the TCI sate in different slot even if for small traffic. So, for UEs in FR2, to save power, it is beneficial to dynamically adapt the number of CORESET(s) UE needs to monitor. This is to say, there are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.

Observation 3: In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. There are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.



Figure 3. Awaiting time for scheduling target UE due to analog beamforming

3. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]R17 technique directions to deal with these challenges
3.1 Decouple non-fallback DCI for DL and UL scheduling
As discussed in Section 2.1, in Rel-15 and Rel-16 spec, the non-fallback DCI for DL and UL scheduling are always configured in same search space. This will lead to unnecessary blind decoding for some DCI format (e.g., UL or DL grant) especially if their DCI size is different. 
The straightforward way is to decouple non-fallback DCI for DL and UL scheduling, i.e., configure different SS for DL and UL DCI. An example of spec change is given below. It is expected this is beneficial for power saving.
[bookmark: _Ref40451919][bookmark: _Ref40198740]Proposal 1: To consider decoupling non-fallback DCI for DL and UL scheduling, i.e., configure different SS for DL and UL DCI.

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    ...                                                                                                   OPTIONAL,   -- Cond Setup
    searchSpaceType                         CHOICE {
        common                                  SEQUENCE {
            dci-Format0-0-AndFormat1-0              SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-0                           SEQUENCE {
                nrofCandidates-SFI                      SEQUENCE {
                    aggregationLevel1                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel2                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel4                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel8                       ENUMERATED {n1, n2}                         OPTIONAL,   -- Need R
                    aggregationLevel16                      ENUMERATED {n1, n2}                         OPTIONAL    -- Need R
                },
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-1                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-2                           SEQUENCE {
                ...
            }                                                                                           OPTIONAL,   -- Need R
            dci-Format2-3                           SEQUENCE {
                dummy1                                  ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20}  OPTIONAL, -- Cond Setup
                dummy2                                  ENUMERATED {n1, n2},
                ...
            }                                                                                           OPTIONAL    -- Need R
        },
        ue-Specific                                 SEQUENCE {
            dci-Formats                                 ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
            ...,
            [[
            dci-FormatsSL-r16                    ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1, formats3-0, formats3-1,
                                                             formats3-0-And-3-1}                        OPTIONAL,    -- Need R
            dci-FormatsExt-r16                   ENUMERATED { formats0-1, formats1-1, formats0-2, formats1-2,formats0-1-And-1-1, formats0-2-And-1-2, formats0-1-And-1-1And-0-2-And-1-2}
                                                                                                        OPTIONAL,    -- Need N
            searchSpaceGroupIdList-r16       SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)                  OPTIONAL,    -- Need R
            freqMonitorLocations-r16             BIT STRING (SIZE (5))                                  OPTIONAL     -- Need R
            ]]
        }
    }                                                                                                   OPTIONAL    -- Cond Setup2
}
In Rel-16 power saving TR, there is a method as below to model the power for PDCCH candidates reduction.

	Power scaling scheme for PDCCH candidates processing reduction:
[bookmark: _GoBack]-	Scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on micro sleep portion of the PDCCH-only slot
-	The UE power scheme should include the portion of PDCCH processing time reduction in accordance to PDCCH candidates (e.g. AL/CCE/BD) reduction
-	Note: In the reference configuration, the first two symbols are PDCCH symbols
-	For power scaling for PDCCH candidate reduction (for same slot scheduling only):
	P(α) = α ∙ Pt + (1 – α) ∙ 0.7Pt
-	where α is the ratio of PDCCH candidates to the max number of PDCCH candidates in the reference configuration (α>0). Pt is the PDCCH-only power for same-slot scheduling.


Proposal 2: The power model for reducing the PDCCH candidates in TR38.840 can be used to evaluate the power saving gain for decouple non-fallback DCI for DL and UL scheduling.
For example, when DL and UL grants have different DCI size and in same monitoring occasions, decoupling downlink and uplink blind decoding can reduce of the number of BDs, which provides reduction in terms of power consumption according to power model for reducing the PDCCH candidates.
1. 
2. 
[bookmark: _Hlk32247462]3.2 Dynamic search space group switching without BWP change
In Rel-16, 3GPP has introduced SS (search space) set switching mechanism in NR-U [2]. A UE can be configured with two SS sets and only one of them is activated at a certain time by explicit or implicit SS set switching indication. Compared with the existing BWP switching, the SS set switching mechanism can achieve dynamic PDCCH monitoring adaptation within one BWP. Therefore, for reducing PDCCH monitoring and power saving improvements, this valuable mechanism can be a starting point. Some further adaptation and enhancements may be needed. 
In current SS set switching mechanism, a UE switches to monitor SS sets in group 1 when it detects any DCI format on a SS set associated with SS group 0. Such implicit search space switching rule is reasonable for NR-U as the intention is to adapt the UE PDCCH monitoring based on the gNB channel occupancy status. However, it does not make sense for licensed band operation for power saving purpose, since there is no need to do SS set switching when UE detects a non-scheduling DCI format. For example, UE is configured multiple PDCCH monitoring occasions of DCI format 2_6. It is no need to switch to SS group 1 when UE is indicated not to wake up for the next long DRX cycle. As another example, there is no need for UE to switch the search space upon detecting a DCI format 2_0 as it does not directly relate to traffic activity.
There are some potential methods to indicate SS set switching as shown in Figure 4. These methods include:
· Explicit SS set switching by scheduling DCI, e.g. DCI 0_1 and 1_1
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to wake-up signal (WUS), e.g. WUS indicates SS set switching
· Timer based SS set switching


[bookmark: _Ref32265830]Figure 4. Example of SS set switching mechanism
[bookmark: _Ref40451921][bookmark: _Ref40198792][bookmark: _Ref40284127]Proposal 3: Following can be considered for PDCCH search space adaptation within a BWP.
· Explicit SS set switching by scheduling DCI
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to WUS, e.g. WUS indicates SS set switching
· Timer based SS set switching
3.3 PDCCH skipping-like method
To handle the FR2 analog beam issue, the PDCCH skipping mechanism in TR 38840 can be revisited and further studied. Compared to CDRX (with or without WUS) and search space configuration which are semi-static and large time-scale methods to adapt the PDCCH monitoring. PDCCH skipping-like method is one kind of dynamic and small time-scale method to adapt the PDCCH monitoring. By this method, gNB can determine how many slots UE does not need to monitor PDCCH according to service characteristic and/or analog beam time patterns, etc. Then gNB can dynamically indicate UE the time information of skipping PDCCH through DCI, or the time information of skipping certain DCI formats, e.g., only skipping UL grant. It is expected this method will save additional power compared with the Rel-16 existing schemes.
Proposal 4: To consider PDCCH skipping-like method, which is dynamic and small time-scale method to adapt the PDCCH monitoring. 
4. Evaluation methodology for R17 power saving in connected mode
In Rel-16 power saving SI, a power model and related power evaluation methodology are developed [3]. Besides UE power saving, more and more SI/WI like XR, V2X, RedCap utilize the method in [3] to study power saving techniques and evaluate power saving gain. To evaluate the Rel-17 technique directions in section 3, it is natural to reuse the existing method for Rel-16. However, some necessary refinement is needed. In this section, the followings for connected mode UE power saving evaluation are considered as an update of the Rel-16 evaluation methodologies.
· Inclusion of RLM measurement
· Traffic models for Rel-17 UE Power saving evaluation
4.1. Inclusion of RLM measurement
According to TS 38.133 [4], also cited below, UE need to perform RLM every DRX cycle. Based on our preliminary simulation [8], RLM/BFD measurement take a great portion of the total power consumption for DRX with short cycle (e.g., +44% of the total power).
In Rel-16 UE power saving, 1 SSB burst set with 2SSB is used for loop convergence, with periodicity of max (160ms, DRX cycle). However, the power contribution of RLM/BFD measurement is not considered in the evaluation, which makes the evaluation results too optimistic compared to the reality. This is issue is especially important when WUS + DRX was evaluated, where companies assumed UE does not process anything in the coming DRX cycle if WUS does not indicate UE to wake up, which is not true in reality, since UE still have to perform RLM/BFD measurement every DRX cycle even without traffic.  
Therefore, RLM/BFD measurement shall be explicitly modelled in the power evaluation of CONNECETD mode UE.  We propose to model SSB measurement every DRX Cycle.
Observation 4: The RLM/BFD measurement and its power contribution were not modelled in Rel-16 power saving study, which made the results deviated from the reality. 
Proposal 5: UE power saving evaluation shall explicitly model SSB measurement for RLM/BFD purpose every DRX cycle for CONNECTED mode UE. 

[image: ]
4.2. Traffic models
In [3], the traffic models are listed in Table 1. Mean inter-arrival time for FTP traffic	and Instant messaging (IM) is relatively large, e.g., >= 200ms. 160ms CDRX long cycle is suitable for FTP and IM. For VoIP, the mean inter-arrival time for voice packets is 20ms and 40ms CDRX long cycle is suitable for VoIP assuming 2-packet bundling. However, different from FTP and IM, the packet arrival for VoIP is periodic. 

Table 1. Traffic models for R16 UE power saving
	
	FTP traffic
	Instant messaging
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
	Period = 320 ms
Inactivity timer = 80 ms

	Period = 40 ms
Inactivity timer = 10 ms


There is no traffic model available to evaluate the services with much denser mean inter-arrival time (e.g., <100ms) and with random packet arriving. Gaming is such kind of service and is studied in Rel-16 power saving SI phase. 
There are two alternatives for gaming model.
Alt 1: adopt traffic model in Appendix in R1-2005391 for online gaming.
· There is a traffic model for gaming in [5-7]. The traffic models and delay requirements for online gaming are described in Appendix. The characteristics of gaming model in annex shows that the mean inter-arrival time is around 55ms for downlink and 40ms for uplink. 

Alt 2: reuse FTP Model 3 with modified mean inter-arrival time and packet size (e.g., online gaming)
· In order to simplify the gaming traffic model with existing FTP model 3, the following can be considered, where the mean inter-arrival time and packet size are derived based on statistics of actual online gaming services [5].

	
	Modified FTP traffic 3 for gaming

	Model
	FTP model 3

	Packet size
	200 bytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms



Proposal 6: A modified traffic model inter-arrival time can be considered in for power saving evaluation. The following alternatives can be considered,
· Alt 1: adopt traffic model in Appendix in R1-2005391 for online gaming.
· Alt 2: reusing FTP Model 3 with reduced mean inter-arrival time and packet size (e.g., online gaming)
	
	Modified FTP traffic 3 for gaming

	Model
	FTP model 3

	Packet size
	200 bytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms



5. Conclusion
In this contribution, we discuss the DCI-based power saving adaptation. Including the scenarios and challenges for PDCCH monitoring reduction in connected, evaluation methodology and traffic models and some technique directions to deal with these challenges. The following observations and proposals are given:
Observation 1: 
In Rel-15/16, the non-fallback DCI for DL and UL scheduling are always configured simultaneously, which means UE need to blind decode both DCI formats in the same monitoring occasions. However, it is inefficient for UE power consumption if the DL and UL traffic are not symmetric.
Observation 2: 
It is necessary to support search space group switching without BWP framework for both RedCap UE and non-RedCap UEs, due to the following restrictions of BWP framework.
· In Rel-15 and Rel-16, the maximum number of configured BWPs for DL/UL per cell is 4 and the BWPs may already be used for adapting different bandwidth and different maximum DL MIMO layers, the remaining BWPs to indicate different SS configuration is limited.
· For RedCap UEs, dynamic BWP switching is not likely to be supported for RedCap UE with 20MHz bandwidth.
· Long BWP switching delay
Observation 3: In FR2, due to the restriction of analog beamforming, there is only one beam direction across the whole bandwidth at one time. There are some optimizations available to adapt the PDCCH monitoring behavior to match the time pattern for analog beam.

Proposal 1: To consider decoupling non-fallback DCI for DL and UL scheduling, i.e., configure different SS for DL and UL DCI.
Proposal 2: The power model for reducing the PDCCH candidates in TR38.840 can be used to evaluate the power saving gain for decouple non-fallback DCI for DL and UL scheduling.
Proposal 3: Following can be considered for PDCCH search space adaptation within a BWP.
· Explicit SS set switching by scheduling DCI
· Implicit SS set switching by detecting scheduling grant, UL transmission (SR/CG), etc.
· Potential extension to WUS, e.g. WUS indicates SS set switching
· Timer based SS set switching
Proposal 4: To consider PDCCH skipping-like method, which is dynamic and small time-scale method to adapt the PDCCH monitoring. 

For evaluation methodologies, the followings are proposed,
Observation 4: The RLM/BFD measurement and its power contribution were not modelled in Rel-16 power saving study, which made the results deviated from the reality. 
Proposal 5: UE power saving evaluation shall explicitly model SSB measurement for RLM/BFD purpose every DRX cycle for CONNECTED mode UE. 

Proposal 6: A modified traffic model inter-arrival time can be considered in for power saving evaluation. The following alternatives can be considered,
· Alt 1: adopt traffic model in Appendix in R1-2005391 for online gaming.
· Alt 2: reusing FTP Model 3 with reduced mean inter-arrival time and packet size (e.g., online gaming)
	
	Modified FTP traffic 3 for gaming

	Model
	FTP model 3

	Packet size
	200 bytes

	Mean inter-arrival time
	50 ms

	DRX setting
	Period = 40 ms
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Appendix: gaming traffic model and delay requirements

Table 2: Uplink Gaming Network Traffic Parameters
	Parameter
	Statistical Characterization

	Initial packet arrival 
	Uniform Distribution


, 


	Packet arrival
	Deterministic, 40 ms

	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution)

, a = 130 Bytes, b = 5.7
Values for this distribution can be generated by the following procedure:


, where y is drawn from a uniform distribution in the range 
Because packet size has to be integer number of bytes, the largest integer less than or equal to x is used as the actual packet size

	UDP header
	Deterministic (2 Bytes). This is added to the packet size accounting for the UDP header after header compression.




Table 3: Downlink Gaming Network Traffic Parameters
	Parameter
	Statistical Characterization

	Initial packet arrival 
	Uniform Distribution


PDF: , 


	Packet arrival
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution)


PDF: , 
Values for this distribution can be generated by the following procedure:


, where y is drawn from a uniform distribution in the range 


	Packet size
	Largest Extreme Value Distribution (also known as Fisher-Tippett distribution)
a = 220 Bytes, b = 36

	UDP header
	Deterministic (2 Bytes). This is added to the packet size accounting for the UDP header after header compression.



The delay requirement for gaming is suitable for both UL and DL packets.

	To simulate the random timing relationship between client traffic packet arrival and uplink frame boundary, the starting time of a network gaming mobile is uniformly distributed within [0,40 ms].
A maximum delay of 160 ms is applied to all uplink packets, i.e. a packet is dropped by the mobile station if any part of the packet has not started physical layer transmission, including HARQ operation, 160 ms after entering the mobile station buffer. The packet delay of a dropped packet is counted as 180 ms.
A mobile network gaming user is in outage if the average packet delay is greater than 60 ms. The average delay is the average of the delays of all packets, including the delay of packets delivered and the delay of packets dropped.
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"8.1.6 Minimum requirement for L1 indication

The out-of-sync and in-sync evaluations for the configured RLM-RS resources shall be performed as
specified in clause 5 in TS 38.213 [3]. Two successive indications from Layer 1 shall be separated by at least

Tadication_interval

In case DRX is used, Ttudication_interva 1§ max(10ms, 1.5¥DRX_cycle length, 1.5*Trryrsn)if DRX
cycle_lengthis less than or equal to 320ms, and Tiudicasion intervat 18 DRX_cycle length if DRX cycle lengthis
greater than 320ms. Upon start of T310 timer as specified in TS 38.331 [2], the UE shall monitor the
configured RLM-RS resources for recovery using the evaluation period and Layer 1 indication interval
corresponding to the no DRX mode until the expiry or stop of T310 timer.
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