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Introduction
The essential means for configuration of paging frames and paging occasions have been agreed and are covered in the current version of TS 38.304. However, the currently agreed methods are suboptimal and thus need to be improved. This is what is discussed in this document. The documented is associated with the CRs R2-1809724 “Correction to the configuration of POs within a PF” [1] (targeting TS 38.304) and R2-1810321 “Correction to the configuration of POs within a PF” [2] (targeting TS 38.331).
[bookmark: _Ref178064866]Discussion
For configuration/allocation of paging frames (PFs), the LTE algorithm will be reused in NR with the addition of an offset which allows shifting of the PFs a desired number of steps in time. For the configuration/allocation of paging occasions (POs) within a PF, the LTE algorithm is however not suitable in its entirety for NR.
In LTE, the configuration of POs within a PF is based on a table where the input parameters are Ns = max(1, nB/T) (i.e. Ns is the number of POs in a PF) and i_s = floor(UE_ID/N) mod Ns (i.e. i_s is an index pointing out a certain UE’s PO within a PF). The table maps POs to specific subframe(s) in the PF as well as allows a UE to derive its specific PO in the PF based on its UE ID.
This table-based approach of LTE is not suitable for NR. In LTE it was simple to map a PO to a subframe and this could easily be done through the table specified for this purpose. However, in NR a PO cannot simply be mapped to a subframe. In terms of transmission resources, a subframe is an unambiguous concept in LTE (with the only variation being normal or extended cyclic prefix). In NR, on the other hand, the transmission resources (in terms of slots and hence OFDM symbols) vary with different numerologies (i.e. subcarrier spacings, SCSs). In addition, the length of a PO in NR is variable and depends on the number of beams needed in a possible beam sweep for the PDCCH paging transmissions in combination with the SCS and consequent symbol length. For these reasons, the table-based PO configuration mechanism of LTE has been replaced by a mechanism based on the paging-SearchSpace in NR. The Ns and i_s parameters are retained, but they no longer point out subframes in a paging frame, but rather sets of PDCCH monitoring occasions (constituting PDCCH beam sweeps) in a PF.
However, the currently specified algorithm for configuration of POs within a PF in the non-default case in NR is not without deficiencies and could be improved. With the currently specified algorithm, the first PO in a PF is mapped to the M first PDCCH monitoring occasions (as configured by the paging-SearchSpace), where M is the number of beams. The second PO, if any, is mapped to the subsequent M PDCCH monitoring occasions (as configured by the paging-SearchSpace). When a PO spans across a slot border (which is inevitable when the PDCCH beam sweep requires more than 14 OFDM symbols), this way of configuring POs makes the POs be lumped back to back instead of being (evenly) distributed in the PF with gaps in between. This circumstance may potentially cause undesirable load peaks on the PDCCH signalling, the PDSCH transmission resources (potentially making it difficult to execute all the PDSCH paging transmissions before the next PO), PRACH resources and other access resources in the network. 
The cause of this “lumping” of POs is that the paging-SearchSpace parameters do not allow configuration of “bursts” of PDCCH monitoring occasions with gaps between the bursts, unless each burst of PDCCH monitoring occasions can be accommodated in a single slot (which is clearly not always the case for paging, where up to 64 beams may be used), which can then be repeated with the Monitoring-periodicity-PDCCH-slot parameter, e.g. with empty slots inserted in between the PO slots. When a burst of PDCCH monitoring occasions (representing a PO) crosses a slot border, these two slots both have to have at least one PDCCH monitoring occasion and since there is only one parameter for the time pattern of PDCCH monitoring occasions within a slot, i.e. Monitoring-symbols-PDCCH-within-slot, the same pattern has to be repeated in the two slots. 
A further consequence is then that the Monitoring-periodicity-PDCCH-slot parameter has to be set to 1, resulting in that the same PDCCH monitoring occasion pattern is repeated in every slot in the PF. Hence, POs, i.e. groups/bursts of PDCCH monitoring occasions extending across a slot border can only be configured in the form of a continuous stream of dense PDCCH monitoring occasions, i.e. effectively back to back bursts. 
The current mechanism for configuration of POs/PDCCH monitoring occasions in a PF results in “lumping” of back to back POs when a PO spans across a slot border (which is inevitable when the PDCCH beam sweep requires more than 14 OFDM symbols). This has undesirable impacts on the load on the PDCCH, PDSCH and PRACH resources.
By spreading the PDCCH monitoring occasions rather sparsely, it would be possible to make time-multiplexed POs more or less fill up a PF. But this will result in unnecessarily long POs, which would increase the energy consumption of page monitoring UEs. The POs will also still, in principle, be configured back to back, since if the PDCCH monitoring occasions are evenly spread out in the PF, the gap between the POs will not be greater than the gap between two PDCCH monitoring occasions. Furthermore, even with such a PDCCH monitoring occasion configuration, lumping cannot be fully avoided, unless the number of PDCCH monitoring occasions in the PF is equal to the number of paging beams multiplied by the number of POs in the PF. Such matching is however not feasible for most of the possible configurations, because the PDCCH monitoring occasion configuration has limited flexibility (since the same symbol pattern has to appear in all the repetitive slots), while the number of beams used for paging (and SS Blocks) is fully flexibly configurable between 1 and a the maximum number L (where L is determined by the carrier frequency: L = 4 for frequencies up to 3 GHz, L = 8 for frequencies between 3 GHz and 6 GHz and L = 64 for frequencies between 6 GHz and 52.6 GHz).
Another problematic aspect is that both back to back lumping of POs and filling up the PF with POs consisting of sparse PDCCH monitoring occasions may be detrimental to TDD operation, since it may prevent efficient TDD UL operation during too long continuous time intervals.
Spreading POs to fill up a PF has undesirable consequences for the UE energy consumption and TDD (UL) operation.
The current means for PO configuration within a PF is thus suboptimal and ought to be improved. A simple way to change the PO configuration from “lumping” of POs to flexible distribution of POs within the PF is to introduce an additional parameter which points out the first PDCCH monitoring occasion of each PO. The paging-SearchSpace parameters could be untouched and could be used to configure a “stream” of suitably dense potential[footnoteRef:1] PDCCH monitoring occasions throughout the PF and then the new parameter would point out the start of each time-multiplexed PO by indicating the first PDCCH monitoring occasion (out of the potential PDCCH monitoring occasions) of each PO. The number of PDCCH monitoring occasions in each PO is, as before, given by the number of SS Block beams transmitted in a SS Burst Set. That is, the new parameter (combined with the number of beams used for paging transmissions) restricts the set of potential PDCCH monitoring occasions to one or multiple “burst(s)” of PDCCH monitoring occasions. The remaining transmission resources indicated by the regular paging-SearchSpace parameters (i.e. the ones of the potential PDCCH monitoring occasions that did not end up as actually configured PDCCH monitoring occasions and which are not part of any PO) are thus not considered to be part of the search space configuration and are therefore ignored by the UEs monitoring the PO(s) in the PF. The network is free to use the DL transmission resources corresponding to these unused potential PDCCH monitoring occasions for any other purposes, including use for TDD uplink operation. [1:  The significance of the qualifying word “potential” is that only a subset of the potential PDCCH monitoring occasions indicated by the regular paging-SearchSpace parameters will eventually be configured as PDCCH monitoring occasions, as indicated by the additional parameter (combined with the number of beams used for paging transmissions).] 

[bookmark: _Hlk517382641]A proposed name for the new parameter is First-PDCCH-monitoring-occasion-of-PO in TS 38.304, corresponding to firstPDCCH-MonitoringOccasionOfPO in TS 38.331. The first-PDCCH-MonitoringOccasionOfPO IE could be a sequence of integer values, one for each PO, where each integer value points out the first PDCCH monitoring occasion of a PO, where the PDCCH monitoring occasions would be numbered from 0 to max-PDCCH-MonitoringOccasion. With ASN.1 code this could be:
[bookmark: _GoBack]firstPDCCH-MonitoringOccasionOfPO ::=	SEQUENCE (1..maxNumOfPOsInPF) OF INTEGER (0.. max-PDCCH-MonitoringOccasion)
The principle of the configuration mechanism and how the new parameter is used is illustrated in an example in Figure 1. In this example, the values used for relevant parameters are the following (using TS 38.304 terminology):
Carrier frequency:		< 3 GHz
Subcarrier spacing:	30 kHz ( slot duration: 500 s  20 slots in a radio frame)
CORESET length:		2 OFDM symbols
Number of beams:		4
nB:				2T (i.e. 2 POs per PF)
Monitoring-periodicity-PDCCH-slot:		1
Monitoring-offset-PDCCH-slot:			0
Monitoring-symbols-PDCCH-within-slot:	11001100110000
First-PDCCH-monitoring-occasion-of-PO:	3 (for PO 1), 33 (for PO 2)
Note: Setting Monitoring-periodicity-PDCCH-slot = 1 and Monitoring-offset-PDCCH-slot = 0 means that the corresponding TS 38.331 parameter monitoringSlotPeriodicityAndOffset contains the parameter sl1 set to a NULL value. The Monitoring-symbols-PDCCH-within-slot parameter is a 14 bits long bitmap/bit string. Each bit in this bit string represents an OFDM symbol in a slot. A bit set to one means that the OFDM slot is a potential OFDM slot to monitor. This value is assigned to the corresponding TS 38.331 parameter monitoringSymbolsWithinSlot.
[image: ]
[bookmark: _Ref515982004]Figure 1. An example illustrating the proposed method for configuring PDCCH monitoring occasion “bursts” forming paging occasions within a paging frame.
Figure 2 provides another example with the time scale compressed to more of a bird’s eye view. In this example, the values used for relevant parameters are the following:
Carrier frequency:		< 6 GHz
Subcarrier spacing:	30 kHz ( slot duration: 500 s  20 slots in a radio frame)
CORESET length:		2 OFDM symbols
Number of beams:		8
nB:				4T (i.e. 4 POs per PF)
Monitoring-periodicity-PDCCH-slot:		1
Monitoring-offset-PDCCH-slot:			0
Monitoring-symbols-PDCCH-within-slot:	11001100110000
First-PDCCH-monitoring-occasion-of-PO:	0 (for PO 1), 15 (for PO 2), 30 (for PO 3), 45 (for PO 4)
[image: ]
[bookmark: _Ref517103814]Figure 2. Another example illustrating the proposed method for configuring PDCCH monitoring occasion “bursts” forming paging occasions within a paging frame.
Introduce a new parameter indicating the first PDCCH monitoring occasion of each PO in a PF in accordance with the associated CRs [1] (for TS 38.304) and [2] (for TS 38.331).

Conclusion
In section 2 we made the following observations:
Observation 1	The current mechanism for configuration of POs/PDCCH monitoring occasions in a PF results in “lumping” of back to back POs when a PO spans across a slot border (which is inevitable when the PDCCH beam sweep requires more than 14 OFDM symbols). This has undesirable impacts on the load on the PDCCH, PDSCH and PRACH resource.
Observation 2	Spreading POs to fill up a PF has undesirable consequences for the UE energy consumption and TDD (UL) operation.

Based on the discussion in section 2 we propose the following:
Proposal 1	Introduce a new parameter indicating the first PDCCH monitoring occasion of each PO in a PF in accordance with the associated CRs [1] (for TS 38.304) and [2] (for TS 38.331).
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