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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#88bis, the following was agreed [1]:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB
· FFS detailed signaling mechanisms
· FFS whether or not search space is shared for other usages
In this contribution, the above paging aspects for NR for multi-beam operation are addressed.
Discussion
Paging periodicity and occasion
We first provide some simple analysis on the overhead of broadcast signals including SS blocks, Paging, RMSI and RACH. These signals needs be swept over multiple beams in case of multi-beam deployment in particular for high frequency. For carrier frequency above 6GHz, the maximum number of SS blocks is 64. Assuming 20ms SS burst set periodicity, the average number of symbols reserved for SS block in one radio frame is 128 at maximum. If the number of POs in NR is same as LTE to meet the paging capability, i.e. each radio frame will have 4 POs and each PO occupies two symbols that one for PDCCH and one for PDSCH. Paging will occupy  symbols. Furthermore, RMSI and RACH occasion also will occupy additional symbols, e.g. 128 on averaged in one radio frame. So the total number of sweeping symbols averaged in each radio frame are . In LTE, the total number of symbols in each system frame is 140 and the subcarrier spacing is 15 KHz. If the subcarrier spacing is 120 KHz in NR, the total symbols of each system frame are 1120. So about 768 symbols in 1120 symbols of each system frame are used for beam sweeping. This is a huge overhead for the system. To reduce the overhead of sweeping, the PO numbers should be reduced and the maximum number of UEs that can be paging simultaneously should be increased.
Proposal 1:  Considering reducing the number of POs in each radio frame and increase the number of UEs that can be paging simultaneously in a PO for high frequency. 
Multiplexing with SS blocks
With multi-beam operation, for UEs in RRC_IDLE mode the stored beam information may be out-of-dated and no longer optimal. Without requiring beam reporting to update the beam information, gNB TX beam sweeping is needed for paging, with all beams used for SS burst set, targeting to cover the whole NR cell. For this reason, if the remaining resources beside the SS blocks are sufficient, multiplexing paging with SS blocks, appears to be the most promising approach for transmitting paging, which is addressed to the whole cell. Hence, an efficient channel design would be to enable multiplexing of paging (sent in PDSCH) with SS blocks where the DCI carried by NR-PDCCH is also multiplexed with the SS blocks, saving on another round of beam sweeping. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In LTE, the PDCCH is constructed based on CCE which includes 9 REGs and one REG has 4 REs. The maximum aggregation level of PDCCH is 8 CCEs. So the maximum number of sub-carriers in LTE for a PDCCH is 288 which is the same as remaining resource of SS block. Although the DMRS of PDCCH may occupy some REs, the influence should be limited since the density of DMRS will not be high. To reduce the overhead of Paging Messages, the DMRS of PBCH can be used as paging DMRS. Note that, in LTE, the paging DCI is transmitted with lots of redundant information. For example, if paging DCI is transmitted in the format 1A of PDCCH, at least the MCS, RV, NDI are the redundant information. For paging, a smaller size of DCI format without much redundant information is defined in LTE, i.e., format 1C. The length of format 1C is 31 bits, so the total bits of PDCCH are 372 bits with 1/12 code rate and the number of REs are about 186 with QPSK modulation. If paging DCI is multiplexed with SS block, at least 102 REs are remained to deliver the DMRS. Hence, remaining resource of SS block is sufficient for one paging DCI.
Proposal 2: The DCI for the paging message is carried by NR-PDCCH that is multiplexed with the SS block. 
The paging message can be scheduled FDM or TDM as shown in the Figure 1 below, where the DCI carried by PDCCH is multiplexed with the SS blocks. The PCH/PDSCH carrying paging message can be located either together with the SS blocks (Alt-A), or in subsequent slots (Alt-B). These two approaches would require different signalling in DCI/PDCCH indicating the resources carrying paging messages.  
[image: ]
Figure 1: Examples for channel design for enabling multiplexing of paging with SS blocks
For the case where the paging message is multiplexed with SS blocks, the resources available for the paging may be insufficient. The largest PO is 4 in each radio frame for LTE and the UE number is 16 in a PO [2], so the maximum UE capacity of a second in LTE is 6400. For NR, the default SS burst set period is 20ms, the number of UE may increase in a PO. If the POs number in 20ms is smaller than two, the PDCCH of paging can multiplex with SS block. However, the UE number is too large in most cases, another round beam sweeping can be added for paging. To reduce the sweeping overhead, the PDCCHs of multiple POs can be aggregated together and multiplexed with the SS block. These PDCCHs can be jointly encoded and share a common CRC. The PDSCHs of multiple POs can be either transmitted together or separately.
In LTE, the paging DRX periods are 32, 64, 128 and 256 whose units are frame. For NR, similar to paging mechanism in LTE, the paging DRX periodicity can be an integer multiple of periodicity of SS burst set, with values of 5ms, 10ms, 20ms, 40ms, 80ms and 160ms, per agreement in [2]. After waking up from RRC-IDLE mode, UE first acquires candidate beam pairs via listening to the periodic SS burst set. The amount of time UE needs to listen in advance depends on the number of beams UE needs to sweep and the periodicity of SS burst set. After that, a UE can receive DCI carried by NR-PDCCH at the expected paging occasion, which should be expressed in terms of indexed period of SS burst set, within one paging period. 
Proposal 3: The PDCCHs of multiple POs can be aggregated together and multiplexed with the SS block.
Paging without NR-PDSCH
To further reduce the beam sweeping overhead, some paging message with very limited payloads e.g., cmas-Indication, etws-Indication, systemInfoModification, could be transmitted over NR-PDCCH without another round beam sweeping of NR-PDSCH, if they are supported in paging.
Proposal 4: Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH without NR-PDSCH, if they are supported in paging.
Paging indication
Paging indication being transmitted in a non-schedule physical channel or semi-statically configured resource is discussed recently. The specific application scenario and the benefit should be motivated considering overhead, UE power consumption and NW flexibility. For example, the paging message is not necessary all the time and if the paging indication is carried by NR-PBCH or some other non-scheduled physical channel, it will introduce additional overhead if the allocated always on resources. In LTE, the paging indication is based on the P-RNTI of PDCCH. When there is paging message in the paging occasion, the CRC of paging DCI will be scrambled by P-RNTI. Upon wake-up from RRC-IDLE mode, if UE expects to receive paging signal, it will blindly detect the PDCCH based on the P-RNTI. Extending the same mechanism for NR with multiple beam deployments should be the baseline consideration.  
[bookmark: OLE_LINK141][bookmark: OLE_LINK142]Proposal 5: NR adopts the same paging indication mechanism as LTE as a baseline.
Numerology for paging 
The following was agreed regarding to numerology for paging
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging
To simplify the network operation as well as enable FDM with SS blocks, one straightforward way is to use the same numerology for paging as other broadcast channels. This also simplifies the UE operations at IDLE state.
Proposal 6: The numerology for paging is same as PBCH.
[bookmark: _GoBack]In [3], the single frequency network (SFN) transmission for paging from multiple cells or multiple TRPs was proposed to improve the cell coverage. In general, this can be supported by configuring the same NR cell ID for these TRPs conveying the paging message and the DMRS sequence and scrambling for paging can be performed based the NR Cell ID and P-RNTI. 
Summary of proposals
The proposals made in this paper are summarized as follows:
Proposal 1:  Considering reducing the number of POs in each radio frame and increase the number of UEs that can be paging simultaneously in a PO for high frequency. 
Proposal 2:  The DCI for the paging message is carried by NR-PDCCH that is multiplexed with the SS block.
Proposal 3: The PDCCHs of multiple POs can be aggregated together and multiplexed with the SS block.
Proposal 4: Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH without NR-PDSCH, if they are supported in paging.
Proposal 5: NR adopts the same paging indication mechanism as LTE as a baseline.
Proposal 6: The numerology for paging is same as PBCH.
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