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[bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]Energy efficiency is even more critical for UEs with more and more vertical applications in 5G systems, In the SID[1] for further UE enhancement, low power wake-up signal and receiver are studied for further power saving of NR UE. In the last RAN1-meeting[2], some aspects of LP-WUS design have been discussed for further study, and in this contribution, more considerations on LP-WUS design and procedure are included.
Discussion
LP-WUS design
LP-WUS Coding/structure
[bookmark: OLE_LINK17][bookmark: OLE_LINK71]Regarding the structure of the WUS, i.e. sequence-based or encoded-bits-based, there have been several discussions in previous meetings, and the following proposals were made in the last meeting as follows:
	FL1-Hi-Proposal-13:
· LP-WUS information can be carried by: 
· Alt 1: by sequence(s) detection/selection 
· m-Sequence 
· [bookmark: OLE_LINK49]ZC sequence
· PN sequence
· Gold codes 
· Other sequences are not precluded
· Alt 2: by encoded bits 
· Type of encoding scheme
· Manchester Code 
· Walsh code
· Block code 
· Polar code
· Other code are not precluded
· CRC should can be used
· [bookmark: OLE_LINK13]Alt 3: by MO position (FL comment: Note e.g. as group ID has own paging frame , this is implicit signalling of information)
· At least for the Alt.2, [further study whether] LP-WUS information needs to be preceded by known (FFS: one or more sequence(s)).




Sequence-based or encoded-bits-based WUS have been discussed in previous meetings in terms of their structure and the information they carry. Both sequence-based and encoded-bits-based WUS have their specific characteristics and have real applications in the network, such as sequence-based WUS for LTE-NB and bit-based PEI for NR.

With sequence-based options, the wake-up signal can be one of a set of sequences with good autocorrelation and cross-correlation characteristics. The UE detects it using a known sequence which has been allocated for the UE in advance; if they match, the UE's MR is woken for further processing. When using sequence-based WUS, there are some issues that require further consideration.

[bookmark: OLE_LINK72][bookmark: OLE_LINK73]The sequence type should be the first consideration. Good correlation characteristics of the sequence should be ensured even with a small ADC width in order to minimise the complexity of the receiver. In addition, the sequence detection must be robust enough against time/frequency errors to work with low-precision crystals. Since OOK modulation is the optimal candidate waveform for LP WUS, binary sequences such as m-sequence, PN-sequence, and gold code would be more suitable options. Furthermore, sequence CDMs may not be support to avoid dealing with multi-bit levels in the receiver due to code multiplexing.

Another issue is the mapping rules between sequences and UEs. For example, in a WUS monitor occasion/WUS resource, a gNB might transmit a specific sequence to wake up a UE group associated with a paging occasion. If there are N UE groups associated with the WUS occasion, there will be at least N different sequences associated with one resource. If the WUS information can also contain additional information, such as SI changes or ETWS, the sequence number need to be extended with a combination with a wake-up indication. More sequence in distribute resources can also be mapped with UE groups in a single paging occasion to reduce the performance requirements for coverage.
[bookmark: OLE_LINK106]
Proposal 1: Binary sequence-based sequence can be considered for LP-WUS, and CDM of sequence should be not supported.

[bookmark: OLE_LINK61]One additional option for WUS is to use an encoded bits which may have more flexibility of transmitting wake-up indications for different UE groups. In the payload of WUS, it can arrange wake information for different UE groups sequentially to indicate whether a group is awake with the use 0/1. It is possible to combine wake indications for different groups and support subgroups indications while keeping unnecessary wake-ups of unrelated UEs. For this option, the addition of the CRC bit should be made within the payload and the CRC size should meet the requirements of the FAR.
[bookmark: OLE_LINK67]Observation 1: Encoding bit-based WUS offers more flexibility for WUS mapping. 
Proposal 2: Encoding bit-based WUS can be considered for LP-WUS.

In regards to the Alt3 listed by the FL - by MO position, it appears to be more of a mapping rule. The UE still needs to detect some signals that may be sequence-based or coding-based. The mapping details can be discussed in WI.
Coverage
[bookmark: OLE_LINK29]The sensitivity of the low-power receiver for WUS signals may be lower than that of other NR channels due to waveform character, low power receive structure, higher noise figure, and other factors. This can affect the coverage of WUS signals. To ensure consistent coverage of WUS signals with other channels, some techniques must be considered.

	Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· [bookmark: OLE_LINK16]low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code 
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.




[bookmark: OLE_LINK63]To encoded bit-based WUS, we can consider using simple, adjustable FEC schemes like RM coding or convolutional coding. These schemes can be easily implemented on devices with lower complexity. Some schemes, such as time domain interleaving, may need to be combined with FEC to achieve gain. Other low-complexity channel coding schemes, including time domain repetition and spreading, can also be considered due to their easy implementation.

Proposal 3: Consider using FEC for WUS coverage enhancement.

In addition to using channel coding, other techniques can also be considered to enhance coverage. However, most of them are not transparent to the UE which needs to receive the signal on a defined resource with indication info such as frequency/time pattern. 


	techniques/mechanisms
	be potentially transtrant to UE？

	[bookmark: _Hlk142657741]non-contiguous transmission in the frequency domain
	Uncertain, the implementation process is unclear.

	frequency domain repetition
	No, UE must be aware of the repetition pattern for combination.

	frequency-hopping
	No, the hopping pattern should be known by UE

	power-boosting
	No, if RRM measurement based is applied, the boosting offset should be broadcasted to UE for RSRP measurement. 

	transmit diversity
	Yes, just like LTE cases.



Observation 2: Coverage enhancement should be considered for LP-WUS, and most techniques is not transpartent to UE
In addition to these individual WUS enhancement techniques, we can also consider using system-level mechanisms to improve coverage. Usually, a WUS occupying specific resources can have better reception performance by handling fewer messages. We can employ multiple WUS resources, positioned parallelly in the frequency or time domain, associated with UEs sharing the same paging occasion, as illustrated in Figure 1. In this way, the performance of the corresponding WUS for each group of UEs will be improved.



Figure1:coverage enhancment using system level mechanisms

Proposal 4: Consider system level mechanisms for coverage enhancement. 
Resource allocation
[bookmark: OLE_LINK111][bookmark: OLE_LINK64]For LP-WUS resource configuration, RAN1 agrees that LP-WUS and other signals/channels used by MR should be in the same frequency band, and whether they must be in the same carrier requires further study.
We believe that limiting the LP-WUS and other signals for MR to always be in the same carrier may be beneficial to simplify the receiver structure and should be supported. 
[bookmark: OLE_LINK3]For the configuration of LP-WUS in the carrier, CSI-RS can be a reference. There are two parameters in CSI-RS frequency occupancy IE: the StartingRB is the PRB where this CSI resource starts in relation to the common resource block #0 (CRB#0) on the common resource block grid; the Number of PRBs across RBs that this CSI resource spans. Similar methods can be used to locate LP-WUS resources in the carrier without reference to BWP, i.e., using StartingRB and Number of PRBs for LP-WUS frequency configuration.
Proposal 5: LP-WUS can use StartingRB and Number of PRBs for frequency location in a carrier.
LP-SS design
In last meeting, observations on the benefit of periodic LP-SS has been captured in the TR, and regarding the configuration for LP-SS, following proposals had been made at the last meeting as below:
	FL1-Hi-Proposal-11c
· For LP-SS, study 
· required periodicity of LP-SS.
· structure of LP-SS
· Alt1: sequence based only
· Alt2: sequence + message with encoded bits
· FFS: sequence


One the structure of LP-SS, some factors should be considered. :
· the LP-SS coverage should be equal or better than that of LP-WUS. 
· only limited info,e.g. cell ID might to be carried in LP-SS
· UE may have larger frequency error when receiving LP-SS 
· Potentioally the LP-SS can be used for RRM measurement
Based on these, we believe sequence based only LP-SS can be a better option.
Proposal 6: Support sequence based LP-SS.
Procedures for LP-WUS
[bookmark: OLE_LINK114][bookmark: OLE_LINK113][bookmark: OLE_LINK30]the monitoring behaviours of LP-WUR were discussed in previous meetings, and the majority support configurable duty-cycled based LP-WUS monitoring. In this mode, UE only periodically monitors LP-WUS in a special window and will stay asleep outside the window, the average power consumption of the LR can be lower because the average power will be calculated over the entire cycle, 
[bookmark: OLE_LINK115]The gNB can be configured with a suitable period to control the average delay of the paging response. For idle/inactive UEs, after being woken up by WUS, the UE can monitor the associated PO for more actions. According to the SID, the purpose of this study is to investigate ultra-low-power mechanisms that can support Rel-18 low latency, such as lower than eDRX latency. For example, an LP-WUS occasion can cover more than one paging cycle to avoid excessive resource consumption and still meet the requirement for latency less than the minimum eDRX duration.
Proposal 7: Support periodic-on mode for WUS monitoring, UE can associate with multiple paing occasion with one WUS monitoring occasion.
[bookmark: OLE_LINK34]In NR, idle UEs should monitor POs in each DRX paging cycle. If eDRX is provided, UE only monitors POs in PTW within a longer eDRX cycle, and the average latency of paging response will depend on eDRX duration. We think that we can consider a uniform procedure for eDRX UEs and other idle/inactive UEs, where the average latency will be between DRX and eDRX.
[bookmark: OLE_LINK35]Proposal 8: Unified procedure can be considered for UEs with or without eDRX configuration.

Regarding the activation and deactivation of UE monitoring LP-WUS, some alternations are considered for study.
	Agreement
· [bookmark: OLE_LINK38]For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.



Both Alt1 and Alt2 can be considered, and each has its own application scenarios. On one hand, Alt2 is applicable. The gNB should maintain the freedom to activate or deactivate any WUS resource through broadcast signaling, and the UE should follow the signal to switch between activating or deactivating WUS monitoring.
On the other hand, if the UE cannot receive WUS appropriately due to channel conditions or self motivation, then with Alt1a or Alt1b, the UE can switch to normal paging monitoring to avoid missing the paging signal. The switch up to UE implemented or based on certain standards is transparent to the gNB. All the time, the gNB need to send both paging information and WUS to the UE until a notification is received from the UE. The only difference between alt1a and alt1b is that the criteria is predefined or determined by the UE itself. From the gNB's perspective, both alterations are the same, however, from the UE's perspective, alternate A may offer greater flexibility. The UE can determine the switch rule by itself based on factors such as its mobility or traffic mode,etc.
Observation 3: The options for activation and deactivation of LP-WUS monitoring are both applicable, and Alta have more flexible than Altb 

Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Binary sequence-based sequence can be considered for LP-WUS, and CDM of sequence is not supported.
Observation 1: Encoding bit-based WUS offers more flexibility for WUS mapping. 
Proposal 2: Encoding bit-based WUS can be considered for LP-WUS.
Proposal 3: Consider using FEC for WUS coverage enhancement.
Observation 2: Coverage enhancement should be considered for LP-WUS, and most techniques is not transpartent to UE
Proposal 4: Consider system level mechanisms for coverage enhancement. 
Proposal 5: LP-WUS can use StartingRB and Number of PRBs for frequency location in a carrier.
Proposal 6: Support sequence based LP-SS.
Proposal 7: Support periodic-on mode for WUS monitoring, UE can associate with multiple paing occasion with one WUS monitoring occasion.
Proposal 8: Unified procedure can be considered for UEs with or without eDRX configuration.
Observation 3: The options for activation and deactivation of LP-WUS monitoring are both applicable, and Alta have more flexible than Altb 
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