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Discussion/Decision
1 Introduction
One of the objective of the work-items in [1] & [2] is to study power consumption reduction for physical channels. RAN1 has been studying some proposals to fulfil this objective and they have conveyed in [3] their current agreements. 
The purpose of this paper is to understand the impact of some of the decisions and propose potential feedback to RAN1. RAN2 has already provided feedback that it is feasible to configure the WUS to be applied to a group of UEs associated to one PO [7] and it is feasible to apply one wake-up signal to multiple POs in a PTW [8].
2 RAN1 Agreements, potential impact and solutions
This section considers the consequence of various agreements communicated by RAN1 in [3]. The discussion and proposals in this section applies to both NB-IoT and eMTC.
2.1 Wake-up signal or DTX
RAN1 working assumption: “power-saving signals for idle mode paging will be to send a wake-up signal (WUS) or DTX”

Consequence: This means when UE wakes-up and attempts to receive Wake Up Signal (WUS) it may or may not see actual signal. The issue is the UE cannot know if the reason why it did not see a WUS is because network did not transmit the signal or because there was deep fading. This can potentially lead to a scenario where the UE misses a page indicating that signal system information change is happening. Another possible scenario is that if the system information change disables the WUS, no WUS transmission can lead to a UE miss monitoring the pages transmitted afterwards (the UE will still be monitoring a WUS that is actually already disabled). Thus, some fallback mechanism in which the UE monitors paging without relying on WUS every X occasions would add further reliability to the system.
Observation 1:
RAN1 working assumption to send WUS or DTX has potential for UE to miss the system information modification at the network.

Proposal 1: If UE does not detect WUS for X number of attempts, it directly monitors the (N)PDCCH for paging.

Proposal 1.1: For flexibility, the value X can be provided in broadcast information.

Proposal 1.2: For eDRX, the granularity can be number of PTWs instead of POs. 
2.2 Wake-up signal grouping

RAN1 LS: “For NB-IoT, RAN1 has agreed that at least in a UE’s DRX cycle, WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a NB-IoT carrier. RAN1 has also discussed whether eNB can configure WUS being applied to a group of more than one of the NB-IoT UEs associated to a PO in a NB-IoT carrier. RAN1 will further study and make decisions on this. RAN1 would like to ask RAN2 to provide input on the feasibility of supporting WUS being applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier.”

Consequence: One paging occasion, hence one WUS, can be monitored by a larger number of IoT UEs but it is quite likely only a very few devices are paged at any one time. Given that the main reason for introducing WUS is to reduce power consumption by IoT UEs, especially those that don’t receive pages very often but have certain reachability requirements, sourcing company evaluated the impact of 1 or more groups on UE power consumption in [4].  The summary of this evaluation is shown in Figure 1.
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Figure 1:  WUS/DTX power saving gain vs. Number of UE groups for NB-IoT (Rmax=1024, DRX=2.56s)

As can be seen from Figure 1, significant increase in power saving can be achieved for up to 4 groups with some WUS/DTX ratios, especially for higher paging loads (e.g. 20%). 
Observation 2:
A WUS applied to all UEs monitoring the PO has the potential to reduce effectiveness of this feature.
We think up to 4 UE groups per WUS can be supported and which group UE belongs to is determined based on a deterministic algorithm such as:

 UE_Group_ID = floor(UE_ID/(N*Ns*Nn)) mod N_WUS_GROUPS
Where parameters UE_ID, N, Ns and Nn are as defined in the current specification and N_WUS_GROUPs is the number of groups supported by WUS (e.g. 1, 2, 3 or 4) and can be provided via RRC signalling. From RAN2 perspective such a grouping scheme is feasible.
Proposal 2: From RAN2 perspective it is feasible to group UEs into one or more groups per WUS occasion.

Proposal 2.1: The maximum number of groups can be up to 4.
Proposal 2.2: The number of groups supported per WUS occasion can be configured through broadcast messages.

Proposal 2.3: A deterministic algorithm based on UE ID used to determine group ID.

2.3 Wake-up signal relation to PO
RAN1 proposal: “For NB-IoT, RAN1 has also discussed how many POs a WUS can apply to from the UE perspective. RAN1 has agreed that at least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle. RAN1 would like to ask RAN2 to provide input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case.”
UEs using DRX typically means these UEs have tighter reachability requirements hence it is reasonable to associate one WUS with one PO. Associating one WUS with two or more PO has the effect of increasing DRX cycle hence delay in reachability.

Observation 3:
 RAN1 agreement to associate a WUS with one PO for single DRX cycle is reasonable.
UEs using eDRX typically means these UEs have looser requirements for reachability but tighter requirement to reduce power consumption. For eDRX, it is reasonable to associate one WUS with 2 or more POs during the PTW to maximise benefit of WUS for power sensitive UEs. The number of POs associated with one WUS can be broadcasted, with minimum value of 1 and the maximum value such that group of POs correspond to ~5 seconds for eMTC and ~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. Similarly, for eMTC the maximum PTW can be up to 20.48seconds and splitting 4 WUSs means one WUS associated with POs spanning 5.12 seconds. The number of WUS required in a cell also depends on the DRX cycle supported by the cell and the actual PTW. For example, in eMTC the number of POs within a PTW can range from 1 to 64 as shown Table 1 while for NB-IoT it can range from 1 to 32 as shown in Table 2 [5].
Table 1 No. of POs per PTW in eMTC
	
	PTW (ms)

	
	1280
	2560
	3840
	5120
	6400
	7680
	8960
	10240
	11520
	12800
	14080
	15360
	16640
	17920
	19200
	20480

	DRX (ms)
	320
	4
	8
	12
	16
	20
	24
	28
	32
	36
	40
	44
	48
	52
	56
	60
	64

	
	640
	2
	4
	6
	8
	10
	12
	14
	16
	18
	20
	22
	24
	26
	28
	30
	32

	
	1280
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	
	2560
	1
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5
	6
	6
	7
	7
	8


Table 2 No. 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
	1
	2
	2
	3
	3
	4
	4
	4
	5
	6
	6
	7
	7
	8

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


Therefore, configuring number of POs associated with one WUS can implicitly take DRX cycle and PTW length into account. For example, if for NB-IoT one WUS associated with 4 POs then depending on PTW and DRX cycle the number of POs per WUS and the number of WUS per PTW are as shown by the shading in Table 2. Different colour represents different WUS, e.g., with DRX of 10.24sec there is only one WUS for the entire PTW regardless of the specific PTW value. For DRX of 1.28s there is 1 WUS for PTW 2.56s or 5.12s, 2 WUS for PTW of 7.68s or 10.24s etc.
Observation 3:
For eDRX, some DRX and PTW values having one WUS per PO unnecessarily consumes more power.

Proposal 3: For eDRX, one WUS for more than one PO should be allowed.

Proposal 3.1: The number of POs per WUS can be configured through broadcast information.

Proposal 3.2: The number of POs per WUS can be common for all coverage levels.

Note: RAN1 has an agreement to have one WUS applying to N POs where N >=1.
3 Summary
This paper evaluates the RAN1 agreements/working assumptions to help answer some of the questions raised by them in their LS.
Proposal 1: If UE does not detect WUS for X number of attempts, it directly monitors the (N)PDCCH for paging.

Proposal 1.1: For flexibility, the value X can be provided in broadcast information.

Proposal 1.2: For eDRX, the granularity can be number of PTWs instead of POs. 
Proposal 2: From RAN2 perspective it is feasible to group UEs into one or more groups per WUS occasion.

Proposal 2.1: The maximum number of groups can be up to 4.

Proposal 2.2: The number of groups supported per WUS occasion can be configured through broadcast messages.

Proposal 2.3: A deterministic algorithm based on UE ID used to determine group ID.

Proposal 3: For eDRX, one WUS for more than one PO should be allowed.

Proposal 3.1: The number of POs per WUS can be configured through broadcast information.

Proposal 3.2: The number of POs per WUS can be common for all coverage levels.
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