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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction
[bookmark: OLE_LINK8][bookmark: OLE_LINK107][bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK6]In RAN#102, the WI on low-power wake-up signal (LP-WUS) and receivers for NR were approved[1]. In this WI, LP-WUS was introduced for UE power saving, and the objectives of the WI include specifying LP-WUS and LP-SS designs for both IDLE/INACTIVE and CONNECTED modes. In RAN1#116b, some agreement on the designs is reached. In this contribution, some considerations on the design of LP-WUS and LP-SS are discussed.
Discussion
LP-WUS design 
Waveform
	Agreement
For OOK-4 with M >1, support M=2 & M=4 (working assumption) for LP-WUS. 
· FFS whether value of M depends on SCS
· FFS M=1 for OOK-4



[bookmark: OLE_LINK110][bookmark: OLE_LINK108][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In SI, OOK-1 and OOK-4 waveform generation are defined separately. For OOK-1, the UE can detect N modulation SCs as symbol 1 and does not assume any specified sequence for these N modulation SCs.For OOK-4, gNB can generate a time-domain OOK sequence containing M bits, transform it to waveforms with N SCs using DFT and map the waveform to N subcarriers. When M = 1, the waveform can be regarded as a specific modulation sequence of OOK-1. In this way, the gNB can reuse OOK-4 waveform generation and support a unified OOK signals generation framework. For OOK-4, M=4 is favourable for spectrum efficiency and should be supported.
Proposal 1: Support a unified generation framework for OOK-1 and OOK-4. 
Proposal 2: Confirm the working assumption of supporting M = 4 for LP-WUS.
LP-WUS information and structure
Considering the maximum M of 4 and necessary overhead (i.e. manchester coding), an LP-WUS can carry 28 bits with all symbols in one slot(14 symbols for normal CP). Taking into account the additional overhead(e.g. CRC and channel coding), the effective information bit can be up to 16. 
Proposal 3: The maximum number of information bits for one LP-WUS can be up to 16.
In the last meeting, the options for LP-WUS structure are discussed for further study.
	
Agreement
Regarding the LP-WUS information for idle/inactive UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] subgroups
· Option 2: A codepoint value corresponding to one or more subgroup(s)
· Option 3: Multiple codepoint values with each corresponding to one or more subgroup(s)
· Combination of above options are not precluded
· FFS how to carry LP-WUS information, e.g., by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences.
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· Other options are not precluded




For idle/inactive UE, LP-WUS resources are configured in SIB and can be shared by multiple UEs. In option 1, a bitmap can be carried in an LP-WUS where each bit may be used to indicate whether one or more subgroups are waked, e.g. using bit 1 for one subgroup waking indication. In the most straightforward scheme is that one bit in the bitmap corresponds to one subgroup. For the case where one bit corresponds to more than one subgroup, It may only be useful for the case of combining with PEI to wake subgroup. Considering the PEI monitoring is up to UE’s implementation, one-to-one mapping between bits in bitmap and UE subgroup can be preferred.
In option 2, a codepoint value can indicate one or more subgroups(typically all subgroups), which does not allow full flexibility to indicate subgroups in different subgroups. Option 3 can be seen as a combination of option 1 and option 2, and also has a similar problem to option 2.
Proposal 4: Support bitmap with each bit for one subgroup for LP-WUS for idle/inactive UE.
Bitmap matches encoded bits LP-WUS naturally, and codepoint information is naturally matched OOK sequence selection. If bitmap is selected, encoded bit with CRC bit should be considered. 
Proposal 5: Support encoded bits with CRC to carry LP-WUS information.

Some options are listed for the structure of LP-WUS information for connected UE.
	
Agreement
Regarding the LP-WUS information to trigger PDCCH monitoring of RRC connected UEs, at least consider the following：
· Option 1: A bitmap with each bit corresponding to [one or more] UEs
· Option 2: A codepoint value corresponding to one or part of UE identity, e.g., C-RNTI
· Option 3: A codepoint value corresponding to [one or more] UEs
· Option 4: Multiple codepoint values with each corresponding to [one or more] UE(s)
· Option 5: Multiple bit blocks with each corresponding to [one or more] UE(s)
· Combination of above options are not precluded.
· FFS how to carry LP-WUS information, e.g, by encoded bits (with/without CRC) and/or by OOK sequence selection for ‘ON-OFF’ pattern for OOK symbols of LP-WUS.
· FFS how to carry LP-WUS information by overlaid OFDM sequences. 
· It doesn’t preclude considering the configuration where a single candidate overlaid OFDM sequence is used
· FFS details of LP-WUS information to trigger PDCCH monitoring (e.g. whether above is applicable to one or more serving cells)



Among these options, option 1/4/5 can be used for group-cast LP-WUS, while option 2/3 may be more suitable for unicast LP-WUS. If one LP-WUS monitoring occasion can be shared by more than one UE. Considering the lower spectrum efficiency of LP-WUS waveform, group-cast LP-WUS with more efficiency should be prioritized, and further downselection option 1/4/5 can be studied for LP-WUS information structure.
Proposal 6: Further consider bitmap and multiple codepoint options(option1/4/5) for LP-WUS information for connected UE.

Resource allocation
[bookmark: OLE_LINK17][bookmark: OLE_LINK19]It was agreed that LP-WUS and LP-SS support X PRBs with an SCS of 30kHz and that X can be one of 11 and 12 PRBs. It has been agreed in the SI that the bandwidth size of LP-WUS (including guard band) is assumed to be an integer number of PRBs, and the resources of other channels are allocated in the NR according to the PRB granularity. If X is 12 PRBs and aligned to the PRB grid, the total LP-WUS bandwidth for 1RB protection band per side is 5.04MHz.
Observation 1: if X is selected as 12PRB and the LP-WUS PRBs align with PRB grid, the total bandwidth is slightly more than 5MHz.
In addition, smaller PRBs such as 6RB, 4RB can be supported in addition to 11 or 12 PRBs to reduce the overhead of LP-WUS.
Proposal 7: Support more bandwidth size options for LP-WUS.
Others
coverage enhancement
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 have been discussed.
For encoded bit-based WUS, we can consider using simple FEC schemes like RM coding or convolutional coding for performance enhancement. These schemes can be easily implemented on devices with lower complexity. Other low-complexity schemes, including time domain repetition, can also be considered due to their easy implementation.
Proposal 8: Time domain repetition and simple FEC schemes can be considered for LP-WUS.

FR2 band supporting
[bookmark: OLE_LINK111]In SI, all assumptions for system-level and link-level evaluations are based on the FR1 band. It can be simply reused FR1 schemes to FR2 band, but considering that OOK performance is not clear in the high band, it can be discussed whether additional enhancements are needed for FR2 deployments
Proposal 9: Discuss whether LP-WUS/LP-SS can be deployed in the FR2 band.
[bookmark: _GoBack]
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: if X is selected as 12PRB and the LP-WUS PRBs align with PRB grid, the total bandwidth is slightly more than 5MHz.
Proposal 1: Support a unified generation framework for OOK-1 and OOK-4. 
Proposal 2: Confirm the working assumption of supporting M = 4 for LP-WUS.
Proposal 3: The maximum number of information bits for one LP-WUS can be up to 16.
Proposal 4: Support bitmap with each bit for one subgroup for LP-WUS for idle/inactive UE
Proposal 5: Support encoded bit with CRC to carry LP-WUS information.
Proposal 6: Further consider bitmap and multiple codepoint options(option1/4/5) for LP-WUS information for connected UE.
Proposal 7: Support more bandwidth size options for LP-WUS.
Proposal 8: Time domain repetition and simple FEC schemes can be considered for LP-WUS.
Proposal 9: Discuss whether LP-WUS/LP-SS can be deployed in the FR2 band.
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