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1. [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, new Study Item on UE power saving in NR was approved [1], the objective are as the following,
1. Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

0. Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
0. Network and/or UE assistance information
0. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
0. Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
1. Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
1. Study the enhancement of higher layer procedures for UE power saving   [RAN2]
2. Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
2. Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
One of the objectives is the study of enhanced UE paging procedure based on power saving signal, we will discuss the necessity and consideration of power saving signal for paging PDCCH monitoring in this contribution.
2. Power saving signal for paging monitoring
In this section, the consideration of power saving signal for paging monitoring will be discussed. 
2.1 Necessity of power saving signal for paging PDCCH monitoring
In RRC_IDLE or RRC_INACTIVE state, UE should monitor paging PDCCH at PO in each I-DRX cycle. However, the paging PDCCH is not always present in every DRX cycle which causes unnecessary UE power consumption on paging PDCCH monitoring. For example, if the paging rate is very low such as 10%, the 90% power consumption of paging PDCCH monitoring can be saved. In addition, one PO in NR contains the length of PDCCH beam sweeping which has the same number with actual transmitted SSBs, which causes more paging PDCCH monitoring power consumption than LTE.  
Therefore, the unnecessary paging PDCCH monitoring causes large power consumption in RRC_IDLE or RRC_INACTIVE state. In LTE R15 NB-IoT and eMTC, the wake up signal (WUS) is used to indicate UE if monitor paging PDCCH or not to realize power saving. In NR R16, the power saving signal transmitted before C-DRX cycle to indicate UE if waking up in this DRX cycle is also a power saving scheme for further study. 
Thus, in order to save UE power in RRC_IDLE or RRC_INACTIVE state, the power saving signal transmitted before PO to indicate UE if monitoring paging PDCCH or not similar to WUS in LTE can be further studied as a power saving scheme. 
Proposal 1. UE power saving signal for paging PDCCH monitoring can be further studied as a power saving scheme.
2.2 Consideration of power saving signal for paging
As the discussion in section 2.1, power saving signal based paging PDCCH monitoring can be further studied in RRC_IDLE or RRC_INACTIVE state, the following aspects can be studied in the design of power saving signal for paging:
1) PO-specific or UE group-specific
In current paging procedure, one PO contains multiple UEs, if the function of power saving signal for paging is waking up all the UEs in one PO, some UEs not on the paging list will also wake up which reduce the power saving gain of these UEs. However, in this scheme, the transmission scheme of power saving signal will be simple, such as DTX or not can be used and the detection complexity can be less as well. 
In contrast, the power saving signal for paging can only wake up a group of UEs in one PO. In this scheme, UEs in one PO can be divided into several groups. The power saving signal can indicate which one or some groups should wake up to reduce the false waking up probability of UE and improve the power saving gain. However, in this scheme, the power saving signal structure will be complicated or the power saving signal network overhead will be large to indicate different UE groups.
2) Structure
[bookmark: _GoBack]In LTE NB-IoT and eMTC, WUS is sequence based similar to NSSS which have a good coverage performance. In NR, power saving signal for paging can also be a sequence based signal to simplify UE detection complexity. However, the power saving signal for paging in NR may be UE group-specific, channel based structure or sequence based are all good alternatives. If sequence is used, different cyclic shifts can be used to distinguish different UE groups. If channel is used, different coded bits can be used to distinguish different UE groups.
Therefore, what structure should be used in power saving signal for paging should take into account the information bits conveyed, the detection complexity, the coverage performance and network overhead. Sequence based or channel based structure can be further studied.
3) Resource allocation
For time domain resource allocation, the frame structure especially in TDD system should be considered as an influence aspect because that power saving signal can only transmit in DL symbols or flexible symbols. In addition, the time duration between power saving signal and PO should also be studied taking into account the power saving signal processing time.
For frequency domain resource allocation, UE can only work in initial DL BWP in RRC_IDLE and RRC_INACTIVE state, which means that the frequency resource allocation range of power saving signal can not extend initial DL BWP. Moreover, SSB, common search space PDCCH and PDSCH conveying system information and paging information are all transmitted in initial DL BWP, the multiplexing of power saving signal and these legacy signals and channels should be considered. 
Proposal 2. The following aspects can be further studied for power saving signal for paging:
1) PO-specific or UE group-specific
2) Sequence based or channel based
3) Time domain and frequency domain resource allocation
2.3 Time domain resource allocation of power saving signal for paging
As the discussion above, there are two issues should be considered in the design of time domain resource allocation of power saving signal, especially in TDD system:
1) Semi-static TDD DL/UL configuration
2) SSB and paging PDCCH beam sweeping
In NR, the semi-static TDD DL/UL configuration is conveyed in system information. In a TDD DL/UL pattern periodicity, DL symbols are in the front of the periodicity, UL symbols are in the end and flexible symbols are between DL and UL symbols. SSB can be transmitted in DL symbols or flexible symbols. As for the power saving signal, it should be transmitted in DL or flexible symbols as well. 
In addition, the time domain pattern configuration of power saving signal for paging can not be conveyed in dedicated RRC signalling in RRC_IDLE and RRC_INACTIVE state, a fixed time domain pattern similar to SSB pattern will be better used in power saving signal for paging.
Furthermore, because beam sweeping is used both in paging PDCCH and SSB and PDCCH is QCLed with the corresponding SSB, power saving signal should also beam sweep to improve the coverage. In other words, power saving signal also has the same number with actual transmitted SSB and QCLed with corresponding SSB.
Considering all the above, the OFDM symbols around SSBs are good choices for power saving signal for paging, and the power saving signal and SSB with the same index are adjacent in time domain. The advantages of this time domain pattern design of power saving signal are as the following: 
1) The OFDM symbols around SSBs especially the symbols before SSBs are DL or flexible symbols which can be used to transmit power saving signal.
2) The power saving signal time domain pattern can be designed similar to SSB pattern without RRC signalling configuration.
3) Power saving signal and corresponding SSB are adjacent in time domain which can simplify the beam sweeping of gNB without the frequent switch of beam direction.

Figure 1 is an illustration of the time domain resource allocation of power saving signal for paging assuming one power saving signal is 2 symbols or 1 symbol. In addition, we assume 15kHz SCS are used and the maximum number of SSB is 4 in this illustration. In this pattern, the power saving signal is transmitted in the symbols before or between SSBs and QCLed with the SSB which has the same index. Considering the SSB is transmitted in DL or flexible symbols, the symbols before SSB must be DL or flexible symbols and can be used as power saving signal.
If the actual number of transmitted SSBs is small than 4, such as only SSB 0 and SSB 2 are transmitted, only the corresponding power saving signal 0 and power saving signal 2 are transmitted. The time domain allocation of each power saving signal is fixed according to its index that is the OFDM symbols of power saving signal 0 and power saving signal 2 are fixed whatever other SSB index is transmitted or not.   


Figure 1. Illustrate of time domain resource allocation of power saving signal for paging
Proposal 3. Power saving signal for paging PDCCH monitoring can be TDMed and QCLed with the corresponding SSB.
3. Conclusions
In this contribution, the consideration of power saving signal for paging PDCCH monitoring is discussed, and the following proposals are made.
Proposal 1. UE power saving signal for paging PDCCH monitoring can be further studied as a power saving scheme.
Proposal 2. The following aspects can be further studied for power saving signal for paging:
1)	PO-specific or UE group-specific
2)	Sequence based or channel based
3)	Time domain and frequency domain resource allocation
Proposal 3. Power saving signal for paging PDCCH monitoring can be TDMed and QCLed with the corresponding SSB.
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