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Introduction
[bookmark: OLE_LINK13]During the last meeting RAN1#95 [1], some power saving techniques for the reduction of PDCCH monitoring were agreed for further study, and one important scheme is L1-based go-to-sleep (GTS) signaling to indicate UE to skip PDCCH monitoring. 
	Agreements:
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monintoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping - 
· DCI based indication for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering



[bookmark: OLE_LINK54]In this contribution, some evaluation results are presented with analysis on the power saving gain of GTS, as well as its corresponding impact on average latency of packets and UE perceived throughput (UPT).

[bookmark: _Ref129681832]GTS overview
The motivation of GTS is to save the power consumed due to PDCCH monitoring without grant during the scheduling gaps. Scheduling gap could be caused by data arrival rate or network congestion. In general, gNB can inform the scheduling gap to a UE to reduce PDCCH monitoring if the gNB can predict data arrival or pre-know the scheduling results. 
As shown in Figure 1, during the active time for PDCCH monitoring, GTS signaling indicates UE to skip several slots of PDCCH monitoring. The duration of the skipped slots is also referred as GTS duration. Generally speaking, GTS duration is better to be consistent with the scheduling gap but in reality it is difficult to achieve this target because gNB has difficulty to predict the data arrival. In order to mitigate the scheduling delay and the corresponding traffic latency, GTS duration can be as short as several mini-seconds for UE to micro-sleep or light sleep. In this case, even though data packet arrives during the GTS duration, the performance loss on traffic latency and UPT can be acceptable.


[bookmark: _Ref533783742]Figure 1. GTS signaling to indicate a UE to skip PDCCH monitoring

Evaluation and analysis
Simulation assumptions
GTS signaling assumption
The performances of traffic latency and UPT for GTS are determined by the scheduler implementation. As discussed in Section 2, if gNB can predict the data arrival rate more accurately, then there would be less delayed packet transmission. But, no prediction for data arrival is assumed in our simulation in order to simplify the evaluation.
A simple rule is assumed for GTS signaling in the simulation: when DL buffer of a UE is empty (DL-transmission-only is assumed), gNB indicates the UE to sleep for GTS duration. The GTS duration used in our simulation is: 2ms, 4ms, 8ms or 16ms, each of which is configured and evaluated separately.
Evaluation methodology, traffic model and DRX configurations
For the power consumption calculation, the agreements in RAN1#94bis [1] and RAN1#95 [2] are adopted as evaluation methodology. It is worth noting that the slot where GTS signaling is detected is accounted as PDCCH-only slot in our simulation. Besides, traffic latency and UPT are also evaluated to give a clue on the cost of GTS. Both latency and UPT are averaged over the packets of all the UEs.
FTP model 3 with an average data arrival rate of 200ms is assumed as the traffic model, and the DRX configuration with packet size of 0.1 and 0.5 Mbytes listed in Table 1 is evaluated. For the power saving gain of GTS scheme, DRX without GTS is considered as baseline. Other parameters for simulation are listed in Appendix.
[bookmark: _Ref533790610]Table 1. Test cases of DRX configuration with different packet size
	
	DRX cycle (ms)
	Inactivity timer (ms)
	On duration timer (ms)
	Packet size (Mbytes)

	Case 1
	320
	200
	10
	0.1

	Case 2
	320
	200
	10
	0.5

	Case 3
	320
	80
	10
	0.1

	Case 4
	320
	80
	10
	0.5

	Case 5
	160
	100
	8
	0.1

	Case 6
	160
	100
	8
	0.5

	Case 7
	160
	40
	8
	0.1

	Case 8
	160
	40
	8
	0.5

	Case 9
	40
	25
	4
	0.1

	Case 10
	40
	25
	4
	0.5

	Case 11
	40
	10
	4
	0.1

	Case 12
	40
	10
	4
	0.5



Evaluation results for single-UE scenario
For single-UE scenario, only one UE is assumed within a cell, thus the data packet of UE can be scheduled immediately after its arrival during its active time. A maximum transmission size of 868584 bits is assumed per slot for one UE. The evaluation results are shown in Table 2.
[bookmark: _Ref533793299]
Table 2. GTS performance for cases listed in Table 1
	
	Packet size = 0.1Mbytes
	Packet size = 0.5Mbytes

	Time distribution of PDCCH-only slots
	[image: D:\Working\~3GPP\t-doc提案撰写\201901 RAN1#AH1901\power07-1\simulation results\single UE\gts_PDCCHonlyPercentage_0.1M.png]
	[image: D:\Working\~3GPP\t-doc提案撰写\201901 RAN1#AH1901\power07-1\simulation results\single UE\gts_PDCCHonlyPercentage_0.5M.png]

	Power saving gain (%)
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	Average latency (ms)
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	UPT (Mbps)
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From time distribution of PDCCH-only state, it is observed that GTS greatly reduces the percentage of PDCCH-only slots. As known, the power consumed by PDCCH monitoring without grant is generally regarded as one of the main contributor to power consumption. GTS turns a large number of PDCCH-only slots into sleep state. The reduction of PDCCH-only states explains the large power saving gain in the next row.  Take the cases with 0.1Mbytes packet size as an example, 2 ms GTS duration as shown in orange column achieves a gain of at least 38% for all the DRX cases compared with each corresponding baseline DRX, and can be further increased to as large as around 80% with the increasing of GTS duration.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]Observation 1: The large power saving gain of GTS is mainly due to the large reduction of the time distribution of PDCCH-only states, and it increases with the increasing of GTS duration.
For different DRX configurations, it is also observed that power saving gain of 2ms GTS duration is similar for the cases with the same ratio of inactivity_timer/DRX_cycle, e.g. Case 1 and 5, or Case 3 and 7. This is because the PDCCH-only slots that GTS signaling reduces are mainly located during the time the DRX inactivity timer is running.
For GTS duration larger than DRX on duration timer (e.g. 4ms GTS duration for Case 9-12 shown in yellow column, 8ms GTS duration for Case 5-12 shown in blue column, and 16ms GTS duration for all cases shown in green column), an obvious larger power saving gain is observed. Since GTS signaling can further indicate UE to skip a whole DRX cycle if there is no data at the beginning of on duration, the power saving gain further comes from the deep sleep during the whole DRX cycle.
Observation 2: For small GTS duration, power saving gain mainly comes from the PDCCH-only slots reduced during DRX inactivity timer. For larger GTS duration, power saving gain comes from the skipping of the whole DRX cycle.
For the overall GTS power saving performance, considerably large gain 38% - 85% gain is observed (40% - 85% for packet size 0.1Mbytes, 35% - 75% for 0.5Mbytes). Larger packet size results less power saving gain than small packet size, because the baseline DRX of 0.1Mbytes packet size consumes less energy than that baseline DRX of 0.5Mbytes packet size, thus a larger percentage gain can be achieved with similar absolute energy reduction by GTS due to the reduction of PDCCH-only slots.
From the latency and UPT results, generally speaking, power saving gain is always accompanied with some performance loss, and larger power saving gain also has longer latency and larger degradation in UPT. More detailed considerations for tradeoff between power saving gain and latency/UPT is discussed in Section 4.
Initial evaluation results for multi-UE scenario
For multi-UE scenario, 10 UEs are distributed within a cell, and the results are also averaged over all the UEs.  A 4ms GTS duration is assumed for all the evaluations. 
Evaluation results are given in Table 3 for two cases (Case 5 and Case 7) listed in Table 1. From the comparison of single-UE and multi-UE scenarios, it is observed that the increased latency with respect to baseline DRX for multi-UE is larger, but UPT loss is alleviated. The main reason for this is that for single UE, since data can be immediately scheduled and transmitted during the active time, the corresponding UPT of baseline DRX is high. For multi-UE case, a scheduling delay naturally exists due to network congestion even for baseline DRX, which results in a lower baseline UPT. Thus the UPT loss brought by GTS is smaller for multi-UE scenario.
Observation 3: The UPT loss of multi-UE scenario is alleviated compared with single-UE scenario.
[bookmark: _Ref533841341]Table 3. GTS performance comparison of single-UE and multi-UE
	
	[bookmark: OLE_LINK8]Case 5 (4ms GTS duration)
	Case 7 (4ms GTS duration)

	Power saving gain (%)
	
	

	Average latency (ms)
	
	

	UPT (Mbps)
	
	



Discussion on GTS design
As observed from the evaluations, GTS provides a considerably large power saving gain, which makes it an attractive technique for UE power saving, although it is also accompanied with some performance loss in latency and UPT. To mitigate the latency and the degradation in UPT, the following two aspects should be considered:
· gNB can improve the predicting capability of the scheduler, even though it is implementation-specific. For example, GTS duration can be well aligned with the packet arrival gap, or the scheduling delay due to network congestion.
· Small GTS duration is applied which reflects the maximum scheduling delay. Considering the tradeoff between power saving gain and performance loss in latency/UPT in Table 2, it is better to consider a small GTS duration. 
Besides the large power saving gain of GTS signaling, another advantage is that it does not cause any issue on transmission reliability due to miss-detection. If a miss-detection of GTS signaling occurs, it only leads to a negligible cost on power consumption, without any impact to data transmission.
GTS signaling overhead especially for small GTS duration should be acceptable, and at least the following options can be further considered. One option is GTS signaling is conveyed in UE-specific DCI with small bits, another option is GTS signaling is carried in UE group-based DCI. Detailed considerations on GTS signaling design can be found in our companion paper [3].

Conclusions
Based on the evaluation results, we have the following observations:
Observation 1: The large power saving gain of GTS is mainly due to the large reduction of the time distribution of PDCCH-only states, and it increases with the increasing of GTS duration.
Observation 2: For small GTS duration, power saving gain mainly comes from the PDCCH-only slots reduced during DRX inactivity timer. For larger GTS duration, power saving gain comes from the skipping of the whole DRX cycle.
Observation 3: The UPT loss of multi-UE scenario is alleviated compared with single-UE scenario.
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Appendix
[bookmark: _Ref528933622]Table 4. Simulation assumptions for evaluation
	Parameters 
	Value

	Carrier frequency
	4 GHz (FR1)

	Subcarrier spacing
	30kHz

	CC number
	1

	* Bandwidth of BWP
	100MHz(* Note)

	Antenna configuration
	4Tx at gNB and 4Rx at UE

	Modulation of PDSCH
	256QAM

	PDCCH time region
	2 symbols at beginning of a slot

	PDSCH time region
	10 symbols (one symbol occupied by DMRS)

	Value of K0
	0

	Traffic model
	FTP model 3 with 200ms packet arrival rate

	* Packet size
	0.1 Mbytes, 0.5Mbytes

	* Maximum transmitted bits per slot
	868584


* Note: 20MHz was actually used in the simulation, with a scaling factor of 0.2 affecting the “*” marked parameters for simulation. Besides, the resulted UPT is un-scaled back for 100MHz BWP.

single-UE	multi-UE	48.21	40.07	



single-UE	multi-UE	51.41	34.36	


Baseline DRX	single-UE	multi-UE	43.86	52.95	GTS duration=4ms	+2.44
+4.67

single-UE	multi-UE	46.3	57.62	



Baseline DRX	single-UE	multi-UE	57.97	73.84	GTS duration=4ms	+2.69
+15.21

single-UE	multi-UE	60.66	89.05	



Baseline DRX	single-UE	multi-UE	117.76	26.06	GTS duration=4ms	67.3%
41.7%

single-UE	multi-UE	38.5	15.18	



Baseline DRX	single-UE	multi-UE	57.92	12.87	GTS duration=4ms	63.8%
39.6%

single-UE	multi-UE	20.97	7.77	
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