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1 Introduction
[bookmark: OLE_LINK25]In last meeting, RAN4 discussed some issues in details and there were some agreements achieved in [1], meanwhile LS out to RAN1 was agreed in [2] which mainly focus on the cases where the WUS channel bandwidth is same as NR channel bandwidth. Moreover, the discussion focus on the FR1, and in-band operation as well.
[bookmark: OLE_LINK76][bookmark: OLE_LINK94]In this contribution, we give some further discussions on the LP-WUR/WUS. 
2	Discussion
[bookmark: OLE_LINK44][bookmark: OLE_LINK66][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK28]Some agreements on the guard band were achieved in last meeting, in which:
	Agreements:
· RAN4 use guard RBs (if needed) for LP-WUS, which is Granularity of RB. The traditional guardband for NR channel bandwidth defined in TS 38.101-1 should not be changed.
· For case when WUS is smaller than NR channel bandwidth
· For case 2-1, the LP-WUS guard RB is number RBs between LP-WUS and NR signals (edge of WUR RB location to nearest edge of eMBB RB)
· [bookmark: OLE_LINK5][bookmark: OLE_LINK17]For case 2-2, the WUS is placed at the edge of the NR channel bandwidth, i.e. the lowest/highest RB of WUS with guard RBs is aligned with the lowest/highest NR transmission bandwidth configuration in spec TS 38.101-1. 
· [For case when the WUS/WUR is same as NR channel bandwidth]
· For case 1, the LP-WUS guard RBs is number RBs between LP-WUS and traditional guardband (edge of WUR RB location to Outermost of NRB)
· RAN4 should further check with RAN1 for this case
· [bookmark: OLE_LINK10][bookmark: OLE_LINK26]FFS whether the guard RBs should be symmetric within the WUS channel bandwidth.



In terms of the agreements, for the case 2-1/2-2, the guard band is the guard band between the edges of LP-WUS RB and adjacent NR RB, and the guard band is RB granularity, also it is FFS whether or not the guard RBs should be symmetric within the WUS channel bandwidth.
[bookmark: OLE_LINK16][bookmark: OLE_LINK18][bookmark: OLE_LINK20][bookmark: OLE_LINK21]In our understanding, it is similar with the mix numerologies discussion in Rel-15. For case 1-2, the WUS is located in the NR carrier transmission bandwidth configuration (NRB) edge, which is the WUS upper RB edge is aligned with NRB upper RB edge, as simply illustrated in Fig.1.
[image: ]
[bookmark: OLE_LINK22]Fig 1. the WUS is placed at the edge of the NR channel bandwidth
[bookmark: OLE_LINK15]In Fig 1., only one side guard band (left side GB1) is needed to be considered. In the other side, due to there is no eMBB located, so it could be seen as 0 guard band or the ‘guard band’ is smaller than and overlapped with the minimum guard band of NR carrier which means the traditional gNB out of band emission requirements shall be met. In this case, the guard RBs can be seen either symmetric or asymmetric. 
For case 1-2, the WUS is located other than the NR carrier transmission bandwidth configuration (NRB) edge, as simply illustrated in Fig.1.
[image: ]
Fig 2. the WUS is placed other than Fig 1.
[bookmark: OLE_LINK27][bookmark: OLE_LINK30][bookmark: OLE_LINK29][bookmark: OLE_LINK32]In Fig 2., two eMBB RBs located at two sides of WUS, respectively. In this case, we believe symmetric guard band (GB1=GB2) is benefit for the WUS filter design. However, if the NR signal types for eMBB#1 and eMBB#2 are different, for example with different modulation schemes, then the two sides of guard bands would not the same, i.e. asymmetric guard bands within the WUS channel bandwidth, for example GB1>GB2. Of course in this case, the needed guard band for GB2 could be the same with GB1 which depends on scheduling or appropriate RB allocation, relays on the implementation. Therefore, in our understanding, there is no need to restrict the symmetric guard bands within the WUS channel bandwidth since guard band should be implementation based.
[bookmark: OLE_LINK8]Proposal 1. No need to restrict symmetric guard bands within the WUS channel bandwidth
For the WUS location within the carrier, some agreements are:
	Issue 2-3-4: Whether WUS can be flexibly located within the NR carrier
Agreements:
· FFS whether LP-WUS can be flexible or partially flexible located within NR carrier.
· pros and cons of flexible WUS location can be studied


[bookmark: OLE_LINK6]In our understanding, this issue can be referred to NR NB-IoT in-band operation in TS38.104, in which NB-IoT is operating in-band can be flexible located within NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel. For NB-IoT in-band operation, the frequency position for NB-IoT locating with the NR in-band will impact how many power boosting can be achieved, which is shown below:
Table 6.3.4.2-1: NB-IoT RB power dynamic range for NB-IoT operation in NR in-band (from TS38.104)
	BS channel bandwidth (MHz)
	NB-IoT RB frequency position
	NB-IoT RB power dynamic range (dB)

	5, 10
	Any
	+6

	15
	Within center 77*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	20
	Within center 102*180kHz+15kHz at each edge
	+6

	
	Other
	+3

	25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100
	Within center 90% of BS channel bandwidth
	+6

	
	Other
	+3


[bookmark: OLE_LINK11]Although different power boosting values defined, there is no restriction NB-IoT in-band location. For LP-WUS, power boosting study in RAN4 will be triggered by RAN1, and RAN1 have already started the related studies. Therefore, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band since the traditional guardband for NR channel bandwidth defined in spec should not be changed.
[bookmark: OLE_LINK9][bookmark: OLE_LINK12]Proposal 2. For FR1, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band.
[bookmark: OLE_LINK14]For the RF architectures, the agreements are:
	Issue 2-8-1: Whether make down-selection is needed in RAN4
Agreement:
[bookmark: OLE_LINK2]RAN4 further evaluate the pros and cons of each architecture based on agreed framework and selected scenario. Make decision on architecture down-selection next meeting and send decisions to RAN1.


[bookmark: OLE_LINK109][bookmark: OLE_LINK1]The pros and cons for the three candidate RF architectures were extensively discussed in RAN1, and also it was discussed in RAN4 again in last two meetings. In last meeting, majority companies think the three candidate architectures should be down-selected in last meeting. More precisely, the RF ED architecture should be de-prioritized or removed. 
[bookmark: OLE_LINK33][bookmark: OLE_LINK42][bookmark: OLE_LINK31][bookmark: OLE_LINK34][bookmark: OLE_LINK4][bookmark: OLE_LINK49][bookmark: OLE_LINK50]As we discussed in [4], although the RF ED architecture has the least complexity and it probably has least power consumption, the NF and sensitivity/coverage are typically worst, also we think only supporting single-band operation is not a promising operation. IF ED architecture is more complex and it probably has higher power consumption but with lowest NR and best cost/complexity, however it may not feasible for the on-chip integration. For the Zero IF ED architecture, even it is kind of medium position, its power consumption is closer to IF ED architecture’s. Therefore, it seems the ZIF ED LP-WUR architecture is a good trade-off architecture. At least from our perspective, we think the RF ED LP-WUR architecture should be de-prioritized and removed.
[bookmark: OLE_LINK63][bookmark: OLE_LINK19][bookmark: OLE_LINK7][bookmark: OLE_LINK3][bookmark: OLE_LINK13][bookmark: OLE_LINK81][bookmark: OLE_LINK69]Proposal 3. De-prioritize/Remove the RF ED architecture for LP-WUR architecture. 
3 Conclusion
In this contribution, we give some further discussions on the LP-WUR architecture. The conclusions are:
Proposal 1. No need to restrict symmetric guard bands within the WUS channel bandwidth
Proposal 2. For FR1, it is feasible to locate the LP-WUS within the carrier except the minimum guard-band.
Proposal 3. De-prioritize/Remove the RF ED architecture for LP-WUR architecture. 
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