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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The general paging mechanism for NR has been discussed in previous RAN1 meeting [1], and the following options have been identified for the paging design:

	Agreements:
· For paging, RAN1 to down-select from the following options
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2. 



In the contribution, we discuss the paging mechanism for NR, with some further considerations in multi-beam and wideband system. Besides, further power saving mechanism for paging monitoring is also discussed.
2. Discussion
2.1. Paging mechanism in NR
In the above-mentioned candidates of NR paging mechanism, Option 1 is the already agreed baseline solution that similar to that of LTE. Option 2, 3 and 4 are possible enhancements on top of Option 1, by introducing a paging indicating procedure prior to the baseline paging procedure. This paging group indicator may probably be a DCI signaling, or some other existing or new physical layer signals. Option 2 and 4 further require a UE feedback after sending the group indicator, e.g. as a beam reporting to help the gNB to select a proper beam for paging, in order to reduce the beam sweeping overhead of paging.
The account of overhead that can be reduced highly depends on the number of beams employed in the system and the distribution of the UEs to be paged among the beams. If only one or two beams were deployed, such as in the sub-6 GHz system, little gain could be expected. If the paged UEs were uniformly distributed among the beams, in the end the number of beams carrying the paging DCI as well as the message would never be reduced. Moreover, the paging group indicator itself should be swept among all the beams, which inevitably increases the downlink overhead in the abovementioned scenarios. Consequently, the beam reporting mechanism may reduce the beam sweeping overhead only in some special scenario where lots of beams were employed, however due to some reason all the paged UEs clustered into few of these beams. Such a scenario seems to be an unusual case. Another potential scenario is paging in a (possibly small) cell with only few of UEs camping on. However, it is then questionable whether the paging singling overhead is an important issue in this case, especially compared with the other issues to be discussed below. 
Another issue is that, the additional beam reporting mechanism requires an uplink transmission from idle and inactive UEs where proper time alignment was not available. Reusing the PRACH seems to be a straightforward solution. However, if the PRACH resource for beam reporting is multiplexed with that for random access, the gNB may not be able to distinguish between them. If dedicated preambles were assigned similar to the contention free case, the random access collision may inevitably be increased. If dedicated PRACH resources were assigned for beam reporting purpose, the uplink PRACH overhead may be significantly increased, given that multiple PRACH resources need to be reserved for different receiving beams.
Observation 1: Beam-reporting mechanism increases the system overhead, and may reduce the downlink beam sweeping overhead only in some special scenarios.
Furthermore, the beam report may not reliable enough. For example, the report may fail unfortunately due to blocking or inadequate open loop power control by UE. Consequently, the gNB may incorrectly assume that there is no UE to be paged under that specific beam, resulting in a higher paging failure rate. If mechanism similar to power ramping were employed, the end-to-end delay will be significantly increased, which is not desirable.
On the other hand, beside the issue of paging signaling overhead, the UE power consumption is also an important aspect that should be considered. The additional beam reporting, as well as the potential power ramping procedure, significantly increases the power consumption of UE. Once the same group of UEs have received the group indicator, all of them have to send the beam-reporting signal, while most of the time only few or even none of them would finally be paged. Unfortunately, this is just a waste of energy from UE’s perspective.
Observation 2: From UE perspective, beam-reporting mechanism may degrade the paging successful rate, enlarge the end-to-end paging delay and increase the power consumption significantly.
Based on these observations, it is proposed not to introduce beam-reporting mechanism in NR. At least the baseline option (i.e. option 1) is accepted in Release-15. 
[bookmark: _Ref494321048]Proposal 1: Paging DCI followed by Paging Message (i.e. Option 1) should be accepted as a baseline paging mechanism in Release-15. Additional beam-reporting mechanism is not necessary.
On the other hand, for the sake of power saving, a group wake up indicator (i.e. option 3) prior to the paging DCI can be introduced. As discussed in [2], a UE is only required to monitor the sequel paging occasion when a specific wake-up indicator is detected. Such a wake up mechanism can enable early termination on paging monitoring, thus is desirable for UE to eliminate a large amount of unnecessary power consumption in paging monitoring. 
There are some detail issues should be considered for this wake up indicator. 
Firstly, the channel structure of group wake up indicator should be well designed. One option is to introduce a common DCI. While this option may have less specification impact, the complexity of blind detection and decoding process may be higher than the acceptable level and limit the achievable power saving gain in the end. Another option is to introduce a new physical layer signal, i.e. an indication sequence. It is expected that the complexity of detection and decoding of this signal should be as low as possible, while at the same time striving for a low enough miss detection and false alarm rate. 
Secondly, the time and frequency synchronization after long DRX sleep should also be considered. It seems promising to utilize the SS block to achieve time/frequency synchronization in idle state, as we discussed in [3]. However, it also means UE need to wake up frequently in the DRX cycle to sync with SS block, which leads to a large amount of power consumption in idle state. Besides, the SS block is transmitted in a 5ms burst set, yielding a long receiving time duration for synchronization. From UE power saving perspective, it is therefore desirable to have additional signal assisting for synchronization after wake up from DRX. The group wake up indication sequence that is always leading ahead of the paging occasions, seems to be a perfect choice for this purpose. 
Furthermore, the overhead of the group wake up indicator should also be considered in this mechanism.
As summarized above, the detailed design of the group wake up indicator should be carefully considered.
[bookmark: _Ref494321055]Observation 3: The group wake-up indicator is desirable for UE power saving. The detailed design can be further studied.
Beside the basic paging framework, there are still some detail issues to be resolved. 
Firstly, in LTE a fix subframe pattern indicating a subset of subframes that could be used for paging occasion is defined. It enables the UE to monitor only a subset of the subframes in the predefined location for paging indication when waking up from DRX, which is beneficial for the UE to reduce the power consumption. Although such a mechanism is favorable for NR, it should be noted that a predefined subframe pattern in specification is not forward compatible, and even not possible for TDD operation because the transmission direction of the slot can be semi-statically or dynamically changed. Therefore, a mechanism informing the UE about the available time domain resource (e.g. slots or symbols) where paging may occur, should be studied. Given that a higher layer signaling is supported to carry the semi-static assignment of DL/UL transmission direction (e.g. a bitmap pattern) for NR, it seems natural to piggyback together the pattern assignment for paging message in the higher layer signaling. Another solution may be that an indication sent from group-common PDCCH, similar to the SFI, announces the slots may be used for paging. However, it consequently requires the UE to periodically acquire the group-common PDCCH before monitoring the paging in a DRX cycle. Such additional power consumption is not desirable.
Further, in LTE the subframe pattern for paging can be one to four subframes. Considering that NR supports flexible numerology, up to four paging occasions in one radio frame may not always meet the requirements under various deployments. Therefore, the number of paging occasions should also be configurable.
[bookmark: _Ref481592417]Proposal 2: The time domain resources (e.g. slots, or symbols in a radio frame) which could be used for paging occasions are configurable by network. A higher layer signaling of this time-domain resource assignment (including the location and the number of paging occasions) should be supported.
Secondly, the DCI scheduling the paging should be defined. It is reasonable to reuse the LTE behavior, i.e. a specific P-RNTI scrambling the CRC of the DCI representing the paging indication, while the actual paging message are transmitted in PDSCH assigned by that DCI. If paging is used for notification purpose only (e.g. notification of system information modification without paging any specific UE), it can be only about 8bits, which is even significantly smaller than the scheduling DCI. It is already supported to piggyback this information in DCI in LTE, says Direct Indication Information in LTE eMTC. Such feature can reasonably be supported also in NR to eliminate the PDSCH overhead of paging, and avoid the beam sweeping for PDSCH of paging. Furthermore, UE in RRC_CONNECTED state can be aware of the notification of system information modification or ETWS/CMAS, directly from the paging DCI without the need to decode the PDSCH of the paging message. 
[bookmark: _Ref481592423]Proposal 3: Piggyback of the notification in paging DCI is supported for NR. 
2.2. Paging CORESET configuration
In multi-beam operation, it has been agreed that beam sweeping is supported for paging transmission. The CORESET for paging DCI may simply share the same CORESET for RMSI. The problem is that, the CORESET configured for RMSI may not have enough space left for other transmissions especially in small channel bandwidth, as illustrated in [4]. Considering that the necessary paging configurations, such as the DRX cycle, the time domain resources, etc. are broadcasted in RMSI, it is then nature that the RMSI configurations for paging are also part of the paging configurations in RMSI. Note that in this way it is still possible to configure the UE to monitor the paging DCI in the CORESET for RMSI, which is useful for some scenarios, such as small cell, where the channel quality is good enough. In this case, high aggregation level of common DCI is not needed, thus sharing the same CORESET for common DCI (e.g. RMSI, paging, RAR, etc.) is possible and the overhead for control channel can be reduced. As discussed in [4], the unused resources in SS block can be allocated for this CORESET configured by RMSI, so that the spectral utilization of the system can be further increased.
[bookmark: _Ref494321062]Proposal 4: The CORESET for paging DCI are configured by RMSI. 
Once the CORESET configurations are available, the UE should be able to find the appropriate beam for monitoring the paging DCI. The procedure similar to the SS block reception can be applied also for paging monitoring. However, such kind of power inefficient way should be avoided, given that the preliminary beam adaption has been done for the SS block reception. In this case, the UE should be aware of the association between the SS block and the search spacing for the paging DCI as well as the paging message [5]. By this way, the UE can identify the exact time slots of paging occasion for paging monitoring, so that the unnecessary power consumption can be eliminated.
[bookmark: _Ref485165211]Proposal 5: The association between the SS block and the search spacing for the paging DCI as well as the paging message should be configured by RMSI, so that the UE can only monitor the associated search space for paging. 
2.3. Paging in wider bandwidth
The paging mechanism discussed in the former section works in a single carrier/bandwidth part. It has been agreed that multiple SS blocks can be transmitted within the bandwidth of a wideband carrier. Idle and inactive mode UEs may only camp on the frequency sub-band associated to one of the SS block transmissions, and monitors the CORESET confined within that frequency sub-band, or said bandwidth part from system perspective for convenience. However, it is worth noting that the network is not aware of the actual bandwidth part UE camping on; consequently, the network has to broadcast the paging messages to all the bandwidth parts containing the SS block transmissions, with the cost of further increased paging signaling overhead. 
Definitely, this mechanism can be enhanced. Given that a UE would camp on only one of the bandwidth parts, the paging message target to that UE should only be transmitted in that particular bandwidth part. Instead of broadcasting the paging message in every bandwidth part in the wide band carrier, such enhancement can reduce the paging signaling overhead in proportion to the number of configured bandwidth part. For example, if in a wideband carrier where five bandwidth parts are configured, up to 80% paging overhead can be eliminated. 
The network should be aware of which bandwidth part the UE to be paged may camp and monitor the paging indicator. A simple solution is to distribute the idle and inactive mode UEs to different bandwidth parts based on a predefined mapping rule, i.e. by a hashing formula derived from the UE IDs and network configurations, similar to the way of distributing the UEs to multiple paging occasions. More specially, several paging bandwidth parts (PB) can be defined in a carrier according to the network configuration. A UE only monitors the paging indicator in a particular PB that derived from its UE ID (e.g. IMSI, etc.). On the other hand, the network only sends the paging message to the particular PB that derived from the ID of the UE to be paged.
[image: ]
Figure 1. Distributing paging occasions of UEs to different BWPs
An example is illustrated in Figure 1, where two PB (BWP #2 and #5) are configured. Some UEs (UE1, UE2) wake up on BWP #5 to monitoring their paging messages, while the other UEs (UE3, UE4) stay on another BWP (i.e. BWP #2) for their paging messages. UE selects the PB based on the hashing function derived from its IMSI. As a result, the network is aware of the potential bandwidth part the UE camping on, and is able to send paging messages dedicated for those UEs to the particular bandwidth part camping on. 
Last but not least, such enhancement can also increase the total volume of UE can be paged per carrier using the existing paging message format. The total number of UE can be paged is increased in proportion to the number of PB configured.
[bookmark: _Ref481598964]Proposal 6: Paging bandwidth part (PB) is defined as the bandwidth part of the SS block that may contain paging indication and/or paging message, and is derived from the UE IDs and network configurations. 
[bookmark: _Ref494321069]Proposal 7: A UE only monitors the paging indicator in a particular PB that derived from its UE ID. 
2.4. Paging message numerology
It has been agreed that that for paging, the same subcarrier spacing is used for data and control channels [6]. Moreover, it has been agreed in [7] that during contention-based random access procedure in NR, the RAR and Msg.4 are using the same numerology as RMSI. If the numerology of paging DCI is configured to be different from that of RMSI, the UE needs to monitor multiple CORESETs in different numerologies simultaneously, one for RMSI the other for paging. Once being paged, the UE needs to switch between different numerologies to receive paging and RA Msg.2/4. Such behavior unfavorably increases the UE implementation complexity, thus should be avoided. 
If the paging CORESET is configured in the unused resource in SS block, the numerology is same as that of SS block.
[bookmark: _Ref494321072]Proposal 8: The numerology of paging DCI and message is same as that of SS block, if the paging CORESET is configured in unused resource in SS block. Otherwise, it is same as that of RMSI.
3. Conclusion
In the contribution, we discuss on the remaining detailed issues of paging design for NR. Based on the discussion, we propose that,
Proposal 1: Paging DCI followed by Paging Message (i.e. Option 1) should be accepted as a baseline paging mechanism in Release-15. Additional beam-reporting mechanism is not necessary.
Proposal 2: The time domain resources (e.g. slots, or symbols in a radio frame) which could be used for paging occasions are configurable by network. A higher layer signaling of this time-domain resource assignment (including the location and the number of paging occasions) should be supported.
Proposal 3: Piggyback of the notification in paging DCI is supported for NR.
Proposal 4: The CORESET for paging DCI are configured by RMSI.
Proposal 5: The association between the SS block and the search spacing for the paging DCI as well as the paging message should be configured by RMSI, so that the UE can only monitor the associated search space for paging.
Proposal 6: Paging bandwidth part (PB) is defined as the bandwidth part of the SS block that may contain paging indication and/or paging message, and is derived from the UE IDs and network configurations.
Proposal 7: A UE only monitors the paging indicator in a particular PB that derived from its UE ID.
Proposal 8: The numerology of paging DCI and message is same as that of SS block, if the paging CORESET is configured in unused resource in SS block. Otherwise, it is same as that of RMSI.
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