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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]In RAN1 #96bis meeting,  the following agreements on PDCCH-based power saving signal were agreed,
Agreements:
· The PDCCH-based power saving signal/channel is UE-specifically configured.   
· The DCI format(s) contain information for (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· Alt 1: triggering a single UE only 
· Alt 2: triggering UE(s) within a group 
· FFS whether to always trigger all UEs in a group or a subset of it
· Alt 3: Alt 1 & Alt 2 
Agreements:
The assumptions of the DCI design of the PDCCH-based power saving signal/channel include:
· No increase of DCI format size budget  
· FFS whether or not the same or different sets of DCI format sizes for Active Time vs. out of Active Time
· Working assumption: no increase of UE BD/non-overlapping CCE limit
Agreements:
Possible candidates of DCI format design for the PDCCH-based power saving signal/channel (including potential down-selection, which may or may not depend on power saving techniques/scenarios):
· New DCI format(s) 
· The size of new DCI format may or may not be the same size as the existing DCI size
· Enhancement of existing DCI. E.g.,:
· Additional new field(s)
· Using the existing DCI format for the power saving purpose
· Re-purpose field(s) in the DCI
· The detection of existing DCI format as the indication for the power saving technique 
Agreements:
The DCI format(s) of the PDCCH-based power saving signal/channel is designed to provide: 
· Indication of one or more power saving associated operations.  
· Supporting configurability (e.g., 0, 1, 2, …bits, etc.), if needed, for one or more information fields in the DCI at least for one DCI format
Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Agreements:
· The design of the DCI format(s) and size needs to account for one or more of the following aspects
· Within or outside Active Time
· DCI format size for the power saving signal/channel to fit the DCI format size budget
· Including aspects whether or not it is necessary to align it with existing DCI format size
· Other aspects are not precluded
Agreements:
· Support at least one CORESET with configured search space(s) for the power saving signal/channel  
· FFS separate vs. shared with a CORESET (and/or search space(s)) configured for other purposes (when applicable)
Agreements:
· For PDCCH-based power saving signal/channel,  
· The set of AL(s) is configured 
· The number of PDCCH candidate(s) for each AL is configured
From the above agreements in the RAN1 #96bis meeting, there are still many issues that need to be further studied. In this contribution, we discuss the design of PDCCH-based power saving signal (PoSS) from the aspects of DCI format, miss detection, potential DCI contents and resource configuration, etc.   
[bookmark: OLE_LINK5] Design of PDCCH-based power saving signal
 DCI contents of PoSS
1) Triggering DRX operation
In NR, the PDCCH monitoring behavior of UE in DRX On duration is unnecessary and increases more power consumption if there are no data scheduling. Therefore, outside the Active Time, a PDCCH-based power saving signal (PoSS) can be used to indicate UE whether to wake up in the incoming DRX On duration  or not.  The UE shall determine whether to perform PDCCH monitoring in the subsequent DRX On duration or not to serve the power saving purpose.   Hence, it is proposed that the wake-up indication is required to be conveyed by the DCI.   
Proposal 1: The wake-up indication should be conveyed by the power saving DCI outside the Active Time.  
2) Triggering PDCCH monitoring periodicity switching and PDCCH skipping
In NR, the maximum number of search space per BWP configured by RRC signalling could be up to 10. Each search space defines a PDCCH monitoring periodicity. It also showed in [1] the power consumption would be reduced when the PDDCH monitoring behavior such as the periodicity/a subset of search space could be adaptive to the traffic arriving. Furthermore, the PDCCH skipping operation can also obtain a great power saving gain as shown in [1] by skipping a certain number of PDCCH occasions when there are no data scheduling in the subsequent PDCCH monitoring occasions. Therefore, the content of PDCCH monitoring periodicity and PDCCH skipping should be conveyed by the DCI.   
Proposal 2: The content of PDCCH monitoring periodicity and PDCCH skipping should be conveyed by the power saving DCI. 
3) Triggering BWP adaptation and RS transmission
In frequency domain, aperiodic reference signal, such as CSI-RS, TRS, could be triggered by the power saving signal associated with BWP switching which is shown in Figure 1. It is beneficial to reduce UE power consumption. Furthermore, it facilitates the network and UE to have a better knowledge of the channel information such as channel state condition, or beam information and so on in advance. The network does not have to schedule UE with a conservative MCS. It is advantageous to improve the network performance and reduce the resource overhead as well.   
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Figure 1 Aperiodic CSI-RS triggered by power saving signal
Proposal 3: The content of BWP adaptation and the associated RS transmission indication should be conveyed by the power saving DCI.  
4) MIMO configuration 
In spatial domain, the MIMO configuration such as maximum MIMO layer, maximum number of antenna ports for data reception or transmission could also be adaptive. It is shown in [1] that the power consumption could be reduced and the impact on the network performance is tolerable in the case of a desirable SINR. In this case, a interruption for the dynamic MIMO configuration switching is needed, which would be discussed in RAN4 during the WI stage.  
Proposal 4: The content of MIMO layer adaptation should be supported in the power saving DCI.  
5) Cross-slot scheduling
For cross-slot scheduling, it is already supported for time domain resource allocation (TDRA) parameters configuration by dynamically indicating the row index of TDRA table in the DCI of NR Rel-15. It is shown in [1] that the power consumption could be reduced and the impact on the network performance is tolerable obviously. We analyze this issue in our companion contribution [3] and conclude that it’s beneficial to use power saving DCI for dynamic adaptation of cross-slot scheduling.
Proposal 5: The content of TDRA parameter adaptation  should be contained in the power saving DCI.
6) Other contents 
Given that power saving signal combined with different schemes could be applied to different scenarios, the power saving gain could be exploited to its most. Furthermore, it is not necessary for the UE with different capabilities to support the same power saving techniques or configurations. It is suggested that the usages of the power saving signal are configurable. The interpretation of the information conveyed by the power saving signal is up to configuration.
Proposal 6: Support flexible configuration of power saving signal usage for triggering UE adaptation. 
 DCI format of PoSS
In the last meeting, three alternatives for the number of UEs triggered by the PDCCH-based power saving signal are agreed as follows.
Alt 1: triggering a single UE only.
Alt 2: triggering UE(s) within a group. 
Alt 3: Alt 1 & Alt 2. 
In the case of triggering a single UE only (namely, UE-specific DCI), there are two options: 1) a new DCI, 2) enhancement of existing DCI.   
For Option 1, it may increase the complexity of PDCCH decoding. Firstly, the payload of the new DCI needs to be shorter than the current scheduling DCI formats, to achieve high transmission reliability and low power consumption. Hence it may end up with adding a new smaller budget size for the new UE-specific DCI. So it may increase the PDCCH blind decoding times.
For Option 2, it can indicate the potential DCI contents for power saving by reusing some existing fields in the Rel-15 DCI formats. For example, when there is no large data transmission during the power saving state, the fields for transport block 2 in non fall-back DCI formats, e.g., 1_1, can be used to indicate a power saving triggering state to a UE. Moreover, we can use MAC CE to enable this function considering its lower latency compared with RRC signalling .   
From specification impact perspective, the standardization work of Option 1 is challenging. Inversely, it is only a limited change on current specification by for Option 2. Therefore, Option 2 is preferred for UE-specific DCI.   
Proposal 7: Enhancement of existing DCI is preferred to convey power saving information of triggering a single UE only in Active Time.   
In the case of triggering one or more UEs within a group (namely, UE group-specific DCI), in order to decrease the impact on the system latency, the UE group-specific DCI is proposed to be transmitted outside the Active Time, e.g. before the DRX On duration. During DRX-off period, the performance of downlink control signalling is sensitive to the timing/frequency offset due to the mobility in DRX-Off period because there is no accurate channel state information and channel tracking measurement for UE to receive the DCI. Therefore, the information payload of the UE group-specific DCI should be much smaller than that of the UE-specific DCI to ensure the reliability performance.   
Observation 1: The DCI transmitted outside the Active Time is sensitive to the mobility during the DRX-Off period and the length of DRX-Off period.   
Therefore, it is necessary to design a new UE group-specific DCI with the triggering information of  one or more UEs within a group are jointly coded. The DCI contents of different UEs in one group can be mapped to one PDCCH and share the same CCE resources after being arranged in a predefined way and jointly coded. All UEs in the group have the same search space and CORESET, and decode the same PDCCH. Therefore, both the resource overhead and blocking probability are decreased. The blocking rate of UE-specific DCI and UE group-specific DCI is shown in Figure 2. It is assumed in the simulation that for UE-specific DCI, the payload size is 2 bits. While for UE group-specific DCI, there are 2 UEs in the group and each UE is allocated with 2 bits. It is observed that the blocking rate of the UE group-specific DCI is about ten times lower than that of the UE-specific DCI.
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Figure 2 Blocking rate of UE-specific DCI and UE group-specific DCI
Observation 2: The blocking rate of the UE group-specific DCI is about ten times lower than that of the UE-specific DCI.
Furthermore, it should be considered that 24 bits CRC needs to be attached to each DCI payload. Supposing there are 6 users in power saving mode, for UE-specific DCI,  24*5=120  more CRC bits  are transmitted and 5 more PDCCHs are scheduled than UE-group-specific PDCCH. Hence, intuitively, UE-specific DCI could provide higher performance but also higher overhead and blocking rate than UE group-specific DCI. It should be noted that the performance is relative to the payload size and the occupied resources . And the performance of UE group-specific DCI can also meet the requirement with a proper design and configuration.  In Figure 3,  we provide the performance of several cases with different payload sizes and aggregation levels. 

Figure 3. BLER performance
[bookmark: _GoBack]From Figure 3,we can see that the performance of some PDCCH with larger payload size and higher AL is close to some PDCCH with smaller payload size and lower AL. For example, the required SNR for BLER = 0.001 of PDCCH with payload size 60 and AL 8 is almost the same as that of PDCCH with payload size 4 and AL 4. Assume that the payload size of each user is 4. For UE group-specific DCI, 15 users could be multiplexed within the DCI of 60 information bits and 8CCE. For UE-specific DCI, the total resources are 4*15 = 60 CCEs. In this case, 2808 REs (52*6*12*3/4) could be saved compared with the UE-specific DCI. More examples are given in Table 1.
Table 1. Analysis on resource overhead
	Cases
	DCI format
	(Payload size, AL)
	the number of REs

	Case 1
	UE group-specific
	(60,AL8)
	432

	
	UE-specific
	(4,AL4)
	216

	
	Reduced REs per UE
	(4*15-8) CCEs
	2808

	Case 2
	UE group-specific
	(40,AL4)
	216

	
	UE-specific
	(2,AL2)
	108

	
	Reduced REs per UE
	(2*20-2) CCEs
	1944



From Table 1, it can be seen that to convey the same information bits, UE-specific DCIs occupy more resource than UE group-specific DCI, which may increase the blocking probability. 
Observation 3: If more than one users are in power saving mode, UE-specific DCI need more resources than UE group-specific DCI to convey the same information payload. 
Proposal 8: A UE group-specific DCI is proposed to be used as the power saving signal outside the Active Time.   
For UE group-specific DCI, one significant issue is to keep the overhead low so that the performance can be guaranteed and power consumption is also low. However, as identified by last meeting and discussed above, there are several required functions for UE adaptation, which means the payload for each UE can be large to implement these functions. One solution is to use multiple user joint coding, i.e. MU-joint coding, to compress the total overhead.   For UE group-specific DCI in Rel-15, information bits of several UEs in one group are concatenated to form the DCI.  However, the number of states for each UE is not always power of 2, which would waste a lot of DCI states.  For instance, assuming the number of triggering states for each UE is 3, and there are 3 UEs in one group. For single user joint coding,  i.e. SU-joint coding, same as group common DCI in Rel-15, 2*3=6 bits are needed. For MU-joint coding, instead of concatenating the DCI of multiple users in one group directly, the triggering states of different UEs in the same group are encoded together to form the DCI. Based on the assumption, 5 bits are enough  for these 3 users. The example is shown in Table 2.
Table 2. SU-joint coding vs MU-joint coding
	Value of the code block
	Index of triggering state for UE-0
	Index of triggering state for UE-1
	Index of triggering state for UE-2
	DCI bits for SU-joint coding
	DCI bits for  MU-joint coding

	0
	0
	0
	0
	00,00,00
	00000

	1
	1
	0
	0
	01,00,00
	00001

	2
	2
	0
	0
	10,00,00
	00010

	3
	0
	1
	0
	00,01,00
	00011

	4
	1
	1
	0
	01,01,00
	00100

	5
	2
	1
	0
	10,01,00
	00101

	6
	0
	2
	0
	00,10,00
	00110

	7
	1
	2
	0
	01,10,00
	00111

	8
	2
	2
	0
	10,10,00
	01000

	9
	0
	0
	1
	00,00,01
	01001

	10
	1
	0
	1
	01,00,01
	01010

	11
	2
	0
	1
	10,00,01
	01011

	12
	0
	1
	1
	00,01,01
	01100

	13
	1
	1
	1
	01,01,01
	01101

	14
	2
	1
	1
	10.01,01
	01110

	15
	0
	2
	1
	00,10,01
	01111

	16
	1
	2
	1
	01,10,01
	10000

	17
	2
	2
	1
	10,10,01
	10001

	18
	0
	0
	2
	00,00,10
	10010

	19
	1
	0
	2
	01,00,10
	10011

	20
	2
	0
	2
	10,00,10
	10100

	21
	0
	1
	2
	00,01,10
	10101

	22
	1
	1
	2
	01,01,10
	10110

	23
	2
	1
	2
	10,01,10
	10111

	24
	0
	2
	2
	00,10,10
	11000

	25
	1
	2
	2
	01,10,10
	11001

	26
	2
	2
	2
	10,10,10
	11010



We give more numerical analysis in Table A-1 in Appendix on the saved bits by MU joint coding compared with SU-joint coding.  It can be observed that as the triggering states per user and the number of users increase, the more payload size are reduced by MU-joint coding. The percentage of saved bits are shown in Figure 4, and the number of saved bits are  shown in Figure 5.

[bookmark: OLE_LINK17]Figure 4.Reduced payload size  percentage under different number of UEs and triggering states
Note: In Figure 4, the values of y axis are calculated by (payload size of SU-joint coding - payload size of MU-joint user coding )/payload size of single user coding.

Figure 5. Reduced payload size under different number of UEs and states
From Figure 4 we can see that MU-joint coding can reduce 10%~22% of payload size comparing to SU-joint coding.
Observation 4: MU-joint coding can reduce 10~22% of payload size comparing to SU-joint coding.  
From Figure 4 and Figure 5, we can see that MU-joint encoding can achieve significant overhead reduction gain. This overhead reduction gain can help to reduce UE power consumption of monitoring the power saving PDCCH or enhance the performance of decoding the PDCCH.
Proposal 9: In case of UE group-specific PDCCH used as the power saving signal, support MU-joint encoding to form the DCI content.
Therefore, from the above analysis, it is obviously that the UE-specific DCI can be transmitted in Active Time (e.g. DRX On duration) with the PDCCH monitoring occasion configuration in Rel-15, and the UE group-specific DCI can be transmitted outside the Active Time (e.g. DRX-off state) with a PDCCH monitoring period configured by MAC CE or RRC signalling . There are only minor impacts on the current DRX mechanism.   It is preferred that both UE-specific DCI and UE group-specific DCI can be supported in Rel-16 for UE power saving purpose.
Proposal 10: Both UE-specific DCI and UE group-specific DCI can be supported for UE power saving purpose.   
 Miss detection of PoSS 
As discussed in the above section, it is proposed that the UE-specific power saving DCI is an enhancement of existing DCI transmitted in the Active Time, and the UE group-specific power saving DCI is transmitted outside the Active Time. Obviously, the detection performance requirement of the UE-specific DCI transmission can be easily met as UE can get good link adaptation and channel tracking in Active Time.   However, the detection performance of UE group-specific DCI cannot be guaranteed based on current mechanism especially due to UE mobility and lack of timely channel measurement during DRX-Off period.   The miss detection of PoSS is unavoidable and the impact of miss detection of PoSS may vary. Obviously, it may result into a significant system impact if the PoSS triggering a wake-up state in the DRX On duration is missed.
If nothing is specified, the UE will go to sleep directly for the case of both no PoSS transmission and PoSS miss detection. It will certainly increase the latency of the subsequent data transmission. Herein, one solution for the miss detection of PoSS is to define a default behavior, e.g. monitoring PDCCH in the incoming DRX On duration, for the miss detection of PoSS. For example, if the PoSS is miss detected in the resource configured by MAC CE or RRC signalling, the UE shall wake up and perform PDCCH monitoring. Therefore, it is proposed that the UE should wake up and perform PDCCH monitoring for the case of miss detection.   
Proposal 11: Upon miss detection of PoSS, UE wakes up and perform PDCCH monitoring .   
 Resource of PoSS 
In the last meeting, it is agreed the resource for PoSS including CORESET, CCE AL and the number of PDCCH candidates for each AL can be configured. However, the resource for downlink control signal transmission is limited. In order to ensure the performance of the new DCI, the resource of a new DCI, e.g. UE group-specific DCI, may be different from that of the existing DCI. Herein, the CORESET and search space of PDCCH based PoSS is preferred to be separated from existing DCI formats. Further, gNB can configure multiple CORESETs for the power saving DCI, where different CORESETs can be associated with different beams.  Then the UE can perform combination of the multiple beams on the dedicated CORESETs to achieve diversity gain and improve the new DCI transmission performance.   
Proposal 12: The CORESET and search space for PDCCH-based PoSS is separated from the existing DCI formats.  Support configuring multiple CORESETs for PoSS for beam sweeping.
 Conclusion
In this contribution, we discuss the considerations on PDCCH-based power saving signal , and have the following proposals: 
Observation 1: The DCI transmitted outside the Active Time is sensitive to the mobility during the DRX-Off period and the length of DRX-Off period.   
Observation 2: The blocking rate of the UE group-specific DCI is about ten times lower than that of the UE-specific DCI.
Observation 3: If more than one users are in power saving mode, UE-specific DCI need more resources than UE group-specific DCI to convey the same information payload. 
Observation 4: MU-joint coding can reduce 10~22% of payload size comparing to single user joint coding.  

Proposal 1: The wake-up indication should be conveyed by the power saving DCI outside the Active Time.  
Proposal 2: The content of PDCCH monitoring periodicity and PDCCH skipping should be conveyed by the power saving DCI. 
Proposal 3: The content of BWP adaptation and the associated RS transmission indication should be conveyed by the power saving DCI.  
Proposal 4: The content of MIMO layer adaptation should be supported in the power saving DCI.
Proposal 5: The content of TDRA parameter adaptation  should be contained in the power saving DCI.
Proposal 6: Support flexible configuration of power saving signal usage for triggering UE adaptation. 
Proposal 7: Enhancement of existing DCI is preferred to convey power saving information of triggering a single UE only in Active Time.   
Proposal 8: A UE group-specific DCI is proposed to be used as the power saving signal outside the Active Time.   
Proposal 9: In case of UE group-specific PDCCH used as the power saving signal,  support MU-joint encoding to form the DCI content.
Proposal 10: Both UE-specific DCI and a UE group-specific DCI can be supported  for UE power saving purpose.  
Proposal 11: Upon miss detection of PoSS, UE wakes up and perform PDCCH monitoring .   
Proposal 12: The CORESET and search space for PDCCH-based PoSS is separated from the existing DCI formats.  Support configuring multiple CORESETs for PoSS for beam sweeping.
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Appendix 
Table A-1. payload size for different number of UEs and states
	4UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	8
	12
	16
	20
	24
	28

	MU-joint encoding
	7
	10
	13
	17
	21
	25

	Saved bits
	1
	2
	3
	3
	3
	3

	percentage
	12.5%
	16.7%
	18.8%
	15.0%
	12.5%
	10.7%

	6UE

	[bookmark: OLE_LINK7]payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	12
	18
	24
	30
	36
	42

	MU-joint encoding
	10
	14
	20
	25
	31
	37

	Saved bits
	2
	4
	4
	5
	5
	5

	percentage
	16.7%
	22.2%
	16.7%
	16.7%
	13.9%
	11.9%

	8UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	16
	24
	32
	40
	48
	56

	MU-joint encoding
	13
	19
	26
	33
	41
	49

	Saved bits
	3
	5
	6
	7
	7
	7

	percentage
	18.8%
	20.8%
	18.8%
	17.5%
	14.6%
	12.5%

	10UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	20
	30
	40
	50
	60
	70

	MU-joint encoding
	16
	24
	32
	41
	51
	61

	Saved bits
	4
	6
	8
	9
	9
	9

	percentage
	20.0%
	20.0%
	20.0%
	18.0%
	15.0%
	12.9%

	12UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU- joint encoding
	24
	36
	48
	60
	72
	84

	MU-joint encoding
	20
	28
	39
	50
	61
	73

	Saved bits
	4
	8
	9
	10
	11
	11

	percentage
	16.7%
	22.2%
	18.8%
	16.7%
	15.3%
	13.1%

	14UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	28
	42
	56
	70
	84
	98

	MU-joint encoding
	23
	33
	45
	58
	71
	85

	Saved bits
	5
	9
	11
	12
	13
	13

	percentage
	17.9%
	21.4%
	19.6%
	17.1%
	15.5%
	13.3%

	16UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	32
	48
	64
	80
	96
	112

	MU-joint encoding
	26
	38
	51
	66
	81
	97

	Saved bits
	6
	10
	13
	14
	15
	15

	percentage
	18.8%
	20.8%
	20.3%
	17.5%
	15.6%
	13.4%

	32UE

	payload
nrofStates
	3
	5
	9
	17
	33
	65

	SU-joint encoding
	64
	96
	128
	-
	-
	-

	MU-joint encoding
	51
	75
	102
	-
	-
	-

	Saved bits
	13
	21
	26
	-
	-
	-

	percentage
	20.3%
	21.9%
	20.3%
	-
	-
	-


 

Reduced payload size under different number of UEs and states
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AL-1	2	4	6	8	10	12	16	17	19	20	24	25	28	30	32	33	36	40	51	70	6.01206842662471	6.63393768337826	7.30811233084325	7.72873256489815	7.60276851872949	8.33070582726484	8.82843341690567	8.29023059073309	9.34533000613189	9.56834700944783	10.3666202454037	10.2245705876245	10.7646514645757	11.1073820175737	11.2424520866865	11.5432224703863	11.4693654736591	12.1362761686132	12.3557800199948	13.5865758919134	AL-2	2	4	6	8	10	12	16	17	19	20	24	25	28	30	32	33	36	40	51	66	80	97	112	0.502741458071234	1.21861065945484	1.80398657012763	2.04424283421389	2.03075481899564	2.78350627141182	3.03706196332417	2.9528571048607	3.82871775779853	3.71438602852494	4.02413440419316	4.20981363964977	4.18468793159736	4.5731247828972	5.06922305049903	4.68366608792258	5.58370998042282	5.39777955347604	6.01287806600124	7.74192448442355	8.27252452013772	9.57162116348272	11.2081630840927	AL-4	2	4	6	8	10	16	17	19	20	24	25	28	30	32	33	36	40	51	60	66	80	90	97	100	112	112	-3.6129153637442	-2.50742190298052	-2.5129110421204	-2.27636423194351	-2.19846842506839	-2.03824825499161	-1.28689808461704	-1.04057992835103	-1.26826112477512	-1.42082647226412	-0.500918822298295	-0.380946638865864	-0.394762138476939	-0.211521094917734	-0.159579173850741	-0.00694213180467644	-0.0150531494663578	1.25893093659705	1.77743706356726	1.7037975893617	2.77451901465232	3.46681090023328	3.66709064944113	3.64946073612875	3.97731781043192	3.97731781043192	AL-8	2	4	6	8	10	12	16	17	20	24	25	28	30	32	33	36	40	51	60	66	90	97	100	108	112	112	-7.27977269373317	-6.95665249294595	-6.7616380717059	-6.49163879080285	-6.24265113129405	-6.16074993939546	-5.24016330128448	-4.95868438071326	-5.30753432609558	-4.15805964678519	-4.36366573069289	-4.28849483019428	-4.18723722811639	-4.14040739046817	-4.11274898835011	-4.06402342698816	-4.03604153697561	-3.16129228960619	-2.32151217601179	-2.27890634463769	-1.20285966591164	-0.863707394834664	-0.736769544183209	-0.530037682554302	-0.305556940268705	-0.305556940268705	AL-16	2	4	6	8	10	12	16	20	32	40	-10.8084266967811	-9.92810653168629	-9.5577455798044	-9.28795111972822	-9.18584117060611	-9.06540694416049	-8.95844342245047	-8.33407437926823	-7.73551180839765	-7.17506183630376	payload size

SNR@BLER=0.001








Reduced payload size percentage under different number of UEs and states
nrOfUEs-4	3	5	9	17	33	65	0.125	0.166666666666667	0.1875	0.15	0.125	0.107142857142857	nrOfUEs-6	3	5	9	17	33	65	0.166666666666667	0.222222222222222	0.166666666666667	0.166666666666667	0.138888888888889	0.119047619047619	nrOfUEs-8	3	5	9	17	33	65	0.1875	0.208333333333333	0.1875	0.175	0.145833333333333	0.125	nrOfUEs-10	3	5	9	17	33	65	0.2	0.2	0.2	0.18	0.15	0.128571428571429	nrOfUEs-12	3	5	9	17	33	65	0.166666666666667	0.222222222222222	0.1875	0.166666666666667	0.152777777777778	0.130952380952381	nrOfUEs-14	3	5	9	17	33	65	0.178571428571429	0.214285714285714	0.196428571428571	0.171428571428571	0.154761904761905	0.13265306122449	nrOfUEs-16	3	5	9	17	33	65	0.1875	0.208333333333333	0.203125	0.175	0.15625	0.133928571428571	number of states per UE

Relative gain of MU joint coding
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UE-specific vs UE group-specific

UE-specific,DCI=2

UE group-specific,2UE in a group,2bits per UE


