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1. Introduction

During previous RAN1 meetings, the following agreements were reached on UE’s bandwidth capabilities/categorie in NR.
Agreements: (RAN1#86bis)

· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier

· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives
Agreements: (RAN1#88)

· If min UE bandwidth < NR SS block bandwidth, in NR SS block design, study how to address this issue

· Study minimum UE BW for eMBB and URLLC, [B], for NR considering at least the following aspects

· Single or multiple values for B

· Considering following aspects
· frequency range (e.g. below 6 GHz vs. above 6 GHz)

· NR-SS transmission bandwidth

· NR-PBCH transmission bandwidth

· NR SS block bandwidth

· UE type

· DL/UL control design
· DL/UL data reception/transmission for UE
· Coexistence among UEs with potentially different minimum UE bandwidth
· etc.

· Note: This study is for RAN1 understanding on what min UE BW is supported in RAN1 NR design. 

In this contribution, we discuss paging transmission for NR UEs with different UE’s bandwidth capabilities /categories within the same NR wideband component carrier and method to solve the false paging issues due to compressed UE-ID.
2. Discussion  
In LTE, multiple UEs’(i.e., at most 16 UEs’) paging messages can be multiplexed within one PDSCH which is scheduled within the LTE system bandwidth by PDCCH.In one NR wideband component carrier, there may exist UEs with different bandwidth capabilities/categories. For example, as what has been agreed in RAN1#86bis, some UE capabilities/categories may support channel bandwidth of serving single carrier. Some UE capabilities/categories may support maximum channel bandwidths which are smaller than that of serving single carrier. And some UE capabilities/categories may only support the minium NR UE bandwidth. Note that the minium UE bandwidth is the smallest bandwidth that NR UEs support.

For UE in RRC idle state, the gNB may not know UE’s capabilities/categories. If the paging message for different NR UEs with different bandwidth capabilities/categories are multiplexed in the same NR-PDSCH, how to transmit the NR-PDSCH in the wideband component carrier needs to be discussed, e.g., how to determine the maximum transmission bandwidth and its frequency location for paging message. In the following, we give several methods on how the gNB determine the maximum transmission bandwidth of paging transmission. 
The first method is that all the NR UE’s paging message are transmitted within one frequency range the total bandwidth of which is not larger than the minimum NR UE bandwidth. For example, if the minimum UE bandwidth is 5 MHz(just for one example, the specific value is up to RAN4), all the NR UEs’ paging PDSCH shall be transmitted within one 5 MHz frequency range within the system bandwidth irrespective of the UEs’ bandwidth capabilities/categories. By this method, the paging PDSCH can be received by NR UEs with any bandwidth capabilities/categories. But limiting the paging message’s transmission bandwidth to the minimum NR UE bandwidth would have some disadvantages. Firstly, the frequency diversity gain of paging PDSCH’s transmission would be affected due to paging PDSCH transmission within too narrow bandwidth. Furtermore, for milimeter wave system, beam sweeping mode is needed for paging transmission, the narrower the transmission bandwith of paging PDSCH, the longer the transmisson duration needed for each beam in order to provide sufficient time and frequency REs for paging PDSCH to guarante its decoding performance. Then the total beam sweeping duration for one paging PDSCH would be too long and the paging overhead would be huge. 
If the gNB could accquire the bandwidth capabilities/categories of the NR UE, the paging PDSCH’s transmission can based on target UEs’ bandwidth capabilities/categories. The second method is that for each paging occasion, multiple NR target UE’s paging message are transmitted within one frequency range the total bandwidth of which is not larger than the minimum UE bandwidth of all the target paging UE in that paging occasion. For example, in one paging occasion, if the minimum UE bandwidth of all the target paging UE is 20MHz, the paging PDSCH can be transmitted within one frequency range of at most 20MHz. Or, if the minimum UE bandwidth of all the target paging UEs is 80MHz, the paging PDSCH can be transmitted within one frequency range of at most 80MHz. By this method, the paging PDSCH transmission bandwidth would not necessarily be limited in the NR minimum UE bandwidth and it is beneficial to solve the problems mentioned above.
Furthermore, if the bandwidths of the target NR UEs are too diverse, e.g., in one paging occasion, some target with bandwidth capability of 10MHz, some with bandwidth capability of 40MHz and some with bandwidth capability of 100MHz,  the target UEs can be further grouped into several paging groups based on their bandwidths capabilities/categories. For example, the UEs with bandwith  capabilities/categories smaller than one bandwidth threshod W1(e.g., 10MHz) can be grouped in paging group 1,the UEs with bandwith  capabilities/categories larger than one bandwidth threshod W2(e.g., 80MHz) can be grouped in paging group 2,  other UEs can be grouped in paging group 3. Paging transmission for each paging group can be transmitted with the minimum bandwidth of all the UEs within each paging group. Note that the paging PDSCH transmission for different paging group can be TDMed or FDMed in the paging occasion. By this method, paging message for UE’s with large bandwidth capabilities/categories can be transmitted with even larger bandwidth thus the paging transmission efficiency can be further improved.
Observation 1:It is beneficial for paging transmission if the gNB could accquire the bandwidth capabilities/categories of the NR UE.
Proposal 1: It is proposed the gNB could accquire the bandwidth capabilities/categories of the NR UE for paging transmission.

Proposal 2: UE grouping based on UE’s bandwidth capabilities/categories for paging transmission can be considered.

In order to decrease the overhead of paging transmission for multiple beam system, compressed UE-ID or truncated UE ID has been proposed for paging instead of s-TMSI in the contributions of last RAN1 meeting. Such methods can improve the paging transmission efficiency but may also result in the false paging issue, i.e., two different UEs may have the same compressed UE-ID or truncated UE ID, when one of the UEs is paged, the other UE would be falsely paged if it is within  the same tracking area.  This would increase the UE’s power consumption and decrease the system efficiency. 
One method can be considered to solve the above problem is trying to distribute the two UEs with the same compressed UE-ID or truncated UE ID on different paging occasions. This can be realized by using one different UE ID with the compressed UE-ID or truncated UE ID to calculate the paging frame and paging accasion, or the network can configure different parameters for those UEs to get different paging occasions.

Proposal 3: The false paging issue needs to be solved if compressed UE-ID or truncated UE-ID would be used for paging transmission.

In multiple beam system, the gNB would send SS blocks, paging message and RSMI with beam sweeping manner. UEs can determine its best reception beam by mesurements on SS block,  if there is association relationship between the downlink beam for paging  and that for the SS block. The UE can just receive paging message at the paging occasion correponding to its best SS blocks, which would save the UE’s power consumption.
Proposal 4: UEs can be configured with the association relationship between the downlink beam of paging  and the beam of the SS block.

3. Conclusions
In this contribution, we discussed paging transmission considering different UE’s bandwidth capabilities /categories within the same NR wideband component carrier and method to solve the false paging issues due to compressed UE-ID. Based on the discussons,we have following  observation and proposals: 
Observation 1:It is beneficial for paging transmission if the gNB could accquire the bandwidth capabilities/categories of the NR UE.

Proposal 1: It is proposed the gNB could accquire the bandwidth capabilities/categories of the NR UE for paging transmission.

Proposal 2: UE grouping based on UE’s bandwidth capabilities/categories for paging transmission can be considered.
Proposal 3: The false paging issue needs to be solved if compressed UE-ID or truncated UE-ID would be used for paging transmission.

Proposal 4: UEs can be configured with the association relationship between the downlink beam of paging  and the beam of  the SS block.

