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1. Introduction
In RAN1 #92bis the following was agreed [1]: 
Agreement
Confirm the following working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM

Agreement
3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

Note: Ericsson, Samsung, and Sony consider 3bits are waste.

Agreement
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 

Agreement
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

In this contribution, we discuss the remaining issues of WUS resource configuration, especially on how to configure the max WUS duration, the actual WUS duration, the gap between the end of WUS duration and associated PO, etc.. The discussion of other aspects includes how to configure 1-to-N mapping between WUS and POs for eDRX, the WUS for UEs/UE grouping as well.
2. WUS duration configuration
2.1. WUS max duration 
[bookmark: _Hlk513650443]For idle mode paging, the UE monitors a set of repetitions for NPDCCH. It makes sense that the length of the WUS should be scaled according to the actual NPDCCH transmission duration. Each wakeup resource could be determined based on the maximum number of repetitions for NPDCCH. We have agreement in previous meeting as
Agreement
3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
The WUS and NPDCCH may have different transmission schemes. For example, the WUS per NB carrier may use power boosting; or, WUS is sent using different transmission diversity scheme, which has huge impact on WUS detection performance (e.g., diversity dimensions). If we allow the WUS to have some-level sync function when RRM measurement relaxation is supported, the WUS duration could be slightly longer than that of sync purely based on legacy signals. As shown in Figure 1, we showed the WUS performance by using no TxD, 2-ant TxD, and 4-ant TxD. 
· Without TxD in Figure 1(a), the WUS in case of MCL=164dB cannot satisfy the requirement but for MCL=154dB the required WUS duration is around 22ms to achieve 1% miss detection/1% false alarm without sync error, i.e., corresponding to the scaling factor  in Table 1 for  when Rmax=64 for MCL=154dB. 
· With 2-ant TxD in Figure 1(b), the required WUS can be reduced to 24ms if no sync error and less than 32ms in the presence of sync error up to 10.24s in case of Rmax=1024 for MCL=164dB. The scaling factor   could be used.
· With 4-ant TxD in Figure 1(c), the required WUS can be reduced to 8ms if no sync error and less than 16ms in the presence of sync error up to 10.24s in case of Rmax=1024 for MCL=164dB. The scaling factor  and   are useful to indicate such cases. 
Therefore, at least  should be included in the candidate scaling factors.
Also, we need to make sure the max WUS duration as well as the actual WUS duration is at last one subframe, since the basic WUS sequence in a subframe carries the full cell ID information. Partial transmission less than one subframe will result in high false detection or miss detection. 
Note that even if the  is explicit indicated, we still need to let UE know the information related with WUS transmission, such as, tx diversity to know the tx diversity pattern, power boost offset to estimate the SINR together with NRS and also whether WUS has sync function to let UEs decide to do sync prior to the WUS detection or not.
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(a) No TxD
[image: ] [image: ]
(b) 2-ant TxD 					(c) 4-ant TxD
Figure 1 Miss detection performance of WUS Type0 (FA=1%, MCL=164dB)
[bookmark: _Hlk506489355]Table 1 Wmax and Rmax
	Rmax
	Wmax

	1
	1
	1
	1
	1
	1
	1
	1
	1

	2
	2
	1
	1
	1
	1
	1
	1
	1

	4
	4
	2
	1
	1
	1
	1
	1
	1

	8
	8
	4
	2
	1
	1
	1
	1
	1

	16
	16
	8
	4
	2
	1
	1
	1
	1

	32
	32
	16
	8
	4
	2
	1
	1
	1

	64
	64
	32
	16
	8
	4
	2
	1
	1

	128
	128
	64
	32
	16
	8
	4
	2
	1

	256
	-
	128
	64
	32
	16
	8
	4
	2

	512
	-
	-
	128
	64
	32
	16
	8
	4

	1024
	-
	-
	-
	128
	64
	32
	16
	8

	2048
	-
	-
	-
	-
	128
	64
	32
	16

	Scaling factor KW
	1
	2
	4
	8
	16
	32
	64
	128



[bookmark: _Hlk506486504]Proposal 1: At least  should be defined for candidate scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS.
[bookmark: _Hlk513807940]Proposal 2: The max duration of WUS is defined as  in the range of [1ms, 128ms].
Proposal 3: The parameters for transmit diversity, power boosting, as well as WUS with synchronization function should be indicated.
2.2. [bookmark: _Hlk510730254]WUS actual duration
[bookmark: _Hlk510733509]In RAN1#92bis meeting, we have already agreed: 
[bookmark: _Hlk510733495]Agreement
Confirm the following working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM
Although it is unnecessary to indicate the actual transmission duration for WUS, we still need to define the candidate values for actual WUS duration, as illustrated in the Table 2. Based on the defined candidates of W, the UE could narrow down the monitoring hypotheses for efficient WUS detection. It is similar to repetition number R for Type 1 NPDCCH common search space candidates, which is defined as a function of Rmax in TS36.213. The early termination for WUS and NPDCCH is in the same scale, i.e.,  , where  is the i-th UE required NPDCCH repetition number and Wi  is the required WUS duration.
Table 2 Wmax and W
	Wmax
	W
	

	1
	1
	-
	-
	-
	-
	-
	-
	-

	2
	1
	2
	-
	-
	-
	-
	-
	-

	4
	1
	2
	4
	-
	-
	-
	-
	-

	8
	1
	2
	4
	8
	-
	-
	-
	-

	16
	1
	2
	4
	8
	16
	-
	-
	-

	32
	1
	2
	4
	8
	16
	32
	-
	-

	64
	1
	2
	4
	8
	16
	32
	64
	-

	128
	1
	2
	4
	8
	16
	32
	64
	128



[bookmark: _Hlk513668942]Propose 4: UE assume the actual WUS duration of WUS for blind detection based on the predefined candidates of W for each Wmax in Table 2.


3. [bookmark: _Hlk513807654]Gap Configuration 
In RAN1#92bis meeting, we have agreed:
Agreement
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
FFS: whether to define UE capability for wake-up time
[image: ]
Figure 2: Gap between the end of WUS max duration and associated PO
[bookmark: _Hlk506489629]The required time between the end of WUS duration and associated PO may heavily depend on the UE architecture [3]. Even if using same receiver to detect legacy synchronization signal and WUS, a UE may require different processing time after waking up from deep sleep or light sleep mode. For example, as sown in Figure 2, for eDRX after deep sleep, the longer processing time may be required, e.g., 1s, to load/update the full image and tracking loop. For DRX with light sleep, the UE receiver would have full image handy on chip’s memory so that shorter gap for tracking time only, e.g., 40ms, may be sufficient. For the channel estimation warm-up, at least 10 valid subframes is needed. In total, Therefore, in total, the min gap is 40ms plus 10 valid subframes for DRX and 1s for eDRX case. Therefore, the gap should be configured based on the UE capability of the required minimum processing time in different DRX/eDRX scenarios. As illustrated in Figure 2, it is possible to configure short/long gap for DRX UE1 and eDRX UE2, respectively. 
Whether to explicitly or implicitly indicate the gap is still FFS. We think it would be more straightforward to explicitly indicate the starting point and implicitly know the gap by calculation. Because the UE could directly use the starting point to generate the de-scrambling sequence for WUS detection [5]. With the knowledge of WUS starting point and duration, the non-zero gap is derived by UE implicitly. The actual gap should be no less than the required min gap. If the eNB cannot support the lager gap required by the UE, the WUS could be disabled for this UE by MME. We do not prefer to let UE decide WUS detection based on the actual gap. Note that, the gap is not necessary to be indicated explicitly. 
[bookmark: _Hlk510734164]Proposal 5: Explicitly indicate the starting point of WUS, where the starting point is signalled as a number of subframes between 1st WUS subframe and the associated PO.
4. WUS for all UEs/UE-groups 
[bookmark: _Hlk510734175][bookmark: _Hlk510734227]From RAN2 perspective [4], it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. Regarding the concerns about the benefit and the motivation of UE grouping [5], we investigate the current paging configuration in TS36.304 for analysis. 
The PO is defined as the starting valid subframe of NPDCCH repetitions. The PO offset (SFN and subframe index) is used to distribute the UEs based on the UE_ID. However, the UE_ID is actually partial ID, for example, defined as (IMSI mod 4096) for NB-IoT (for UEs supporting paging on anchor carrier only). Note that the IMSI is usually 15 digits long with first 3 digits of MCC, followed by 2 digits of MNC and remaining 10 digits of the mobile station identification number. Therefore, each PO still include a large number of UEs with same UE_ID, e.g., possibly max around 221 UEs in the same network. 
Furthermore, the UEs with different UE_ID may belong to same PO, according to the look-up table for the defined SFN and subframe index i_s of the PO. The SFN of PO within the DRX cycle is predefined as (T div N)*(UE_ID mod N). Therefore, at least (UE_ID mod N) will have same SFN, where N=min(T,nB). Even there may be different subframe index, i_s = floor(UE_ID/N) mod Ns, within a SFN, the UEs with different UE_ID could still share same subframe offset and belong to the same PO.
· If nB≤T, N=nB and Ns=1, (UE_ID mod nB) would be included in the same PO sent at the subframe i_s = 0 of the same SFN. For example, if nB=T/128, SFN mod T= 128*(UE_ID mod T/128). The UE_ID={0, T/128, 2*T/128, …127*T/128} will have same PO at subframe#0 and SFN#0 within T. Smaller nB and T could make more UEs to be grouped into same PO and adjacent POs have larger distance to each other.
· If nB>T, N=T and Ns=nB/T, (UE_ID mod T) would be included in the same SFN. Although it is possible to distribute UEs into max 4 subframe offsets within a SFN, the UEs with different UE_ID would be distributed into the same PO with same i_s= floor(UE_ID/T) mod (nB/T). For example, if nB=4T, SFN mod T= (UE_ID mod T) and i_s = floor(UE_ID/T) mod 4. The UE_ID={0, 4, 8, …, 4*floor((T-1)/4)} will have same PO at subframe#0 and SFN#0 within T. Larger nB but same T could distribute the UEs into different POs with subframe offsets in the same SFN.
Someone may argue that the configuration of using larger T or larger nB could have more POs within T and there will be less UEs per PO with different SFN offset. Do we still need the UE grouping of WUS in this case? However, we find some negative impact of larger DRX cycle based on the following analysis. 
As illustrated in Figure 3(a), we assume nB=T and change the DRX cycle by using T1=128 and T2=512. If T1=128, the UEs with UE_ID=0, 128, 256, 384 belong to the same PO; while, if T2=512, they will be distributed into different POs. For T1 and T2, the overhead of sending paging by using PDCCH/PDSCH is similar and the total WUS/DTX overhead for UE_ID=0, 128, 256, 384 is also same, just dependent on respective paging probability. However, the time instances for UE to get paging may be different. The longer T2 results in paging latency because the UE has to wait longer time until the next DRX cycle every 512ms. From the network point of view, the DRX cycle is determined by MME based on the UE paging response requirement. For NB-IoT, the min DRX cycle of UEs is set as the cell-specific DRX. 
Another example is illustrated in Figure 3(b), where we assume T1=T2=T=128 but change nB1=T to nB2=4T. If nB1=T, the UEs with UE_ID=0, 128, 256, 384 belong to the same PO; while, if nB2=4T, they will be distributed into different POs with subframe index #0, #4, #5, and #9 in the same SFN#0. Due to same T, there is no latency difference. However, the overhead of sending paging by using separate PDCCH/PDSCH for UE_ID=0, 128, 256 and 384 is higher. For example, in Figure 3(b), the UE_ID=0 and UE_ID=256 have paging coming in the same DRX. If nB1=T, they will use same PDCCH and combo PDSCH; however, if nB2=4T, the UE_ID=0 and UE_ID=256 are in different POs with subframe#0 and #5. The separate PDCCH/PDSCH is needed. At least the PDCCH overhead is doubled. Also, the PO distance with 1~5ms results in overlapping problem especially for the UEs with large repetitions. If we allow 4-UE groups of WUS, the total WUS/DTX overhead for UE_ID=0, 128, 256, 384 is same, just dependent on respective paging probability. The compact PDCCH/PDSCH is shared by the UEs concentrated in the same PO. 
Therefore, if smaller DRX cycle T or smaller nB has to be configured by the network (e.g., for the reason of latency requirement and/or less overlapping), there will be more UEs belong to the same PO. Even if the paging probability per UE could be very low, e.g., 10%, the overall paging probability per PO is still high due to the large number of UEs per PO.  The WUS will wake up all UEs associated to the PO if any one of paging happened. The network could have the flexibility to divide the UEs into subgroups and configure UE-group-specific WUS to avoid frequent paging detection for power saving. To enable different WUS for a subgroup of UEs in the associated PO will effectively improve the power saving gain. 

[image: ]
(a) T1=128 (nB1=T1) vs. T2=512 (nB2=T2)
[image: ]
(b) nB1=T vs. nB2=4T (T1=T2=T=128)
[bookmark: _Hlk510734459]Figure 3 WUS/DTX for all UE/UE grouping per PO
[bookmark: _Hlk510734451]Considering the tradeoff between the achievable gain and overhead/complexity, up to 4 UE groups is sufficient. At least, we should allow the flexible configuration of the number of UE groups, e.g., based on the parameters, such as the DRX cycle, the paging probability, the total number of UEs, the number of narrow bands for paging, etc. The total number of UE groups could be broadcast in SIB. The UE group ID could be implicitly derived, e.g., based on UE ID, the number of UE groups, etc.. How to decide the number of UE groups and how to define UE group ID is up to the RAN2 discussion.
After addressing the concerns on the benefit and added complexity due to UE-group-specific WUS, we have the following proposal: 
[bookmark: _Hlk510734211]Proposal 6: Support flexible WUS configuration for all UEs/UE groups.
5. [bookmark: _Hlk510730350]1-to-N mapping between WUS and POs for eDRX
[bookmark: _Hlk513668969][bookmark: _Hlk510730324]In RAN1#92 meeting, we have agreed
Agreement
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.

[bookmark: _Hlk513669006]The remaining issue is how to configure the N if eNB allows 1-to-N mapping for WUS and POs for eDRX. The range of N is related to the PTW length and DRX cycles. As shown in Table 3, the number of POs within a PTW can range from 1 to 32 for NB-IoT. The number of POs associated with one WUS would have minimum value of 1 and the maximum value such that group of POs correspond to ~10 seconds for NB-IoT. For example, in NB-IoT the maximum PTW can be up to 40.96 seconds hence 4 WUSs leads to one WUS associated with POs spanning 10.24seconds. Large N reduce the power consumption but may result in higher paging latency. How to configure and indicate the N is being discussed in RAN2. As illustrated in Table 4, N=1 is default value and N=2 or 4 makes the WUS period longer but will within the PTW window. If the N is configured by eNB for eDRX UEs, the eNB may need to inform it to MME. If the MME is not aware of 1-to-N mapping, there is potential for MME repeating paging requests in a wider area and wasting radio resources unnecessarily.  

Table 3 Number of POs per PTW in NB-IoT
	 
	PTW (ms)

	
	2560
	5120
	7680
	10240
	12800
	15360
	17920
	20480
	23040
	25060
	28160
	30720
	33280
	35840
	38400
	40960

	DRX (ms)
	1280
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28
	20
	32

	
	2560
	1
	2
	3
	4
	5
	6
	7
	8
	9
	9
	11
	12
	13
	14
	15
	16

	
	5120
	-
	1
	1
	2
	2
	3
	3
	4
	4
	4
	5
	6
	6
	7
	7
	8

	
	10240
	-
	-
	-
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3
	4



[bookmark: _Hlk513669223][bookmark: _Hlk513669043]Table 4 WUS period in NB-IoT with N=1, 2, and 4
	N
	DRX cycle (s)

	
	1.28
	2.56
	5.12
	10.24

	1
	1.28
	2.56
	5.12
	10.24

	2
	2.56
	5.12
	10.24
	20.48

	4
	5.12
	10.24
	20.48
	40.96



[bookmark: _Hlk513669289]Some concern was raised in previous RAN1 and RAN2 meetings when 1-to-N mapping is configured for eDRX UEs. If there is paging information comes within the last N*DRX cycles, it missed the timing of the WUS right before the last N*DRX cycles. If the paging can only be detected until next PTW, it results in unnecessary latency. The UE could make attempt to receive at least one PO or the last PO after the last WUS location and before the end of PTW. But it is not preferred to let eNB send additional WUS specifically associated with the last PO. 

Proposal 7: eNB configures the cell-specific N for eDRX UEs and broadcast in SIB.
Proposal 8: If configured with 1-to-N mapping between WUS and POs, the UE could be configured to detect at least one PO or last PO during the last N DRX cycles within PTW.
6. Collision between WUS and SIB
In RAN1#92bis meeting, we have agreed
Agreement
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced

The network should avoid such collision, especially the periodic collision between WUS and SIB and other SIs. For example, eNB could delay the paging till next DRX and send the WUS to avoid the collision. If partial WUS subframes are dropped due to the collision, the WUS duration may not be sufficient, especially for the UE in poor coverage. 
[bookmark: _GoBack]If the SI with long transmission duration, it is difficult to schedule separate transmission for WUS. The WUS has to be dropped considering the limited resources within a DRX cycle, e.g., min DRX=1.28s for NB-IoT and max WUS duration could be as large as 128ms, around 1/10 resources.
Proposal 9: WUS is dropped in the subframes that carry SIs other than SIB1.
7. Summary
The proposals made in this contribution are summarized below.
Proposal 1: At least  should be defined for candidate scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS.
Proposal 2: The max duration of WUS is defined as  in the range of [1ms, 128ms].
Proposal 3: The parameters for transmit diversity, power boosting, as well as WUS with synchronization function should be indicated.
Propose 4: UE assume the actual WUS duration of WUS for blind detection based on the predefined candidates of W for each Wmax in Table 2.

Proposal 5: Explicitly indicate the starting point of WUS, where the starting point is signalled as a number of subframes between 1st WUS subframe and the associated PO.
Proposal 6: Support flexible WUS configuration for all UEs/UE groups.
Proposal 7: eNB configures the cell-specific N for eDRX UEs and broadcast in SIB.
Proposal 8: If configured with 1-to-N mapping between WUS and POs, the UE could be configured to detect at least one PO or last PO during the last N DRX cycles within PTW.
Proposal 9: WUS is dropped in the subframes that carry SIs other than SIB1.
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