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1 Introduction

In RAN2 #101, mechanisms to derive PO were discussed and following agreement was made:

In this contribution we discuss how UE derives a reference frame and relative to that a paging occasion based on non-default association (i.e. Occasions for monitoring PDCCH containing a Paging DCI are not same as the occasions for monitoring PDCCH scheduling RMSI).
2 Discussion
RAN1 has discussed the PDCCH monitoring ocassions for receiving paging DCI and following has been captured in TS 38.213 (see annexure for details):
· UE monitors a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
· A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace
· If a UE is not provided higher layer parameter paging-SearchSpace for Type2-PDCCH common search space, the association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. 
From the above description we can observe that UE follows the default association when paging-SearchSpace is not configured. No additional indication is needed to inform UE whether it should follow default association or not.
Observation 1: Default association is used when paging-SearchSpace is not configured.
2.1 Candidate PDCCH Monitoring Occasions based on Non Default Association

The following parameters in paging-SearchSpace configures the candidate PDCCH monitoring ocassions for paging:
· Monitoring-periodicity-PDCCH-slot  (1, 2, 4, 5, 8, 10, 16, 20 slots): 
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· Monitoring-offset-PDCCH-slot (0 to Monitoring-periodicity-PDCCH-slot-1): 
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· Monitoring-symbols-PDCCH-within-slot (1 bitmap of size 14, one bit corresponding to a OFDM symbol)
· CORESET-time-duration: Number of consecutive OFDM symbols in a PDCCH monitoring ocassion
A slot with number
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[image: image5.wmf](

)

0

mod

,

,

frame,

slot

=

-

+

×

s

p

s

p

s,f

f

k

o

n

N

n

m

m

 QUOTE ,,n-f.,N-slot-frame,μ.+,n-s,f-μ.-,o-p,s..mod ,k-p,s.=0  where 
[image: image6.wmf]m

frame,

slot

N

is the number of slots in radio frame for a SCS. 
Monitoring-symbols-PDCCH-within-slot indicates first symbol(s) of the control resource set within a slot for PDCCH monitoring. Figure 2 is an example illustration of this. In the example, one radio frame has 10 slots. Monitoring-periodicity-PDCCH-slot is 2, so alternate slot includes PDCCH monitoring ocassion(s) for paging. In each slot there are two PDCCH monitoring ocassions which starts at OFDM symbol 2 and OFDM symbol 6 as indicated by Monitoring-symbols-PDCCH-within-slot (set to 00100010000000). The length of PDCCH monitoring occasion is 4 OFDN symbols indicated by CORESET-time-duration (set to 4).

[image: image7.emf]Monitoring-periodicity-PDCCH-slot = 2; Monitoring-symbols-PDCCH-within-slot= 00100010000000

CORESET-time-duration = 4

Slot having PDCCH monitoring occassion for paging

PDCCH Monitoring Ocassion 1: 4 symbols PDCCH Monitoring Ocassion 2: 4 symbols

Radio Frame


Figure 1
Based on the discussion above, we can observe that using paging search space configuration, the slots and OFDM symbols in the slots, used for paging can be known. 
Observation 2:  Paging search space configuration signals the slots and OFDM symbols in the slots, used for paging.

It is possible to configure each slot in radio frame for paging by setting Monitoring-periodicity-PDCCH-slot to 1. It is also possible to indicate each OFDM symbol of slot as PDCCH monitoring ocassion for paging by setting Monitoring-symbols-PDCCH-within-slot to 11111111111111 and CORESET-time-duration to 1. 

One PO comprise of N PDCCH monitoring ocassions if there are N SSBs. Number of PDCCH monitoring ocassion in a radio frame depends on paging search configuration. So depending on paging search configuration and number of SSBs, one PO may span multiple radio frames or multiple POs can be present in a radio frame. In the example of Figure 1, if number of SSBs is >10, PO will span multiple radio frames. If number of SSBs is 10, there will be one PO in radio frame. If number of SSBs is 5, there will be two Pos in radio frame.

Observation 3: Depending on paging search configuration and number of SSBs, one PO may span multiple radio frames or multiple POs can be present in a radio frame.

2.2 Reference Radio Frame for PO Determination
UE first derive the reference frame i.e. the radio frame in which the first slot of the PO monitored by it is located. Reference frame can be determined in same manner as in case of default association [2]. For paging search configuration where Monitoring-periodicity-PDCCH-slot is 20 slots and Monitoring-offset-PDCCH-slot of 10 slots, PDCCH monitoring ocassions are located in odd radio frames. So offset is added in LTE equation so that reference frame returned by the equation is aligned with radio frame in which PDCCH monitoring ocassions of paging are located.

The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)

Where,   
T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16
N: min(T, nB)
UE_ID: IMSI mod 1024
Parameters nB, length of default DRX Cycle and offset is signaled in system information.
Proposal 1: The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)

Where, 

T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)

UE_ID: IMSI mod 1024.

Proposal 2: Parameters nB, length of default DRX Cycle and offset is signaled in system information.

2.3 PO Determination within the Reference Radio Frame 

We can also re-use the LTE method (an method used for default association [2]) to determine the PO monitored by UE amongst the multiple POs. 

The UE monitors the ith PO pointed to by index i_s, where i_s is derived from the following equation:
i_s = floor (UE_ID/N) mod Ns        where, Ns = max (1, nB/T)
i_s = 0, monitor the 1st PO; i_s = 1, monitor the 2nd PO;
i_s = 2, monitor the 3rd PO; i_s = 3, monitor the 4th PO

Based on paging search space configuration (as explained in section 2.1), UE can know the 1st PDCCH monitoring occasion for paging in the determined reference frame and also the subsequent PDCCH monitoring occasions. PDCCH monitoring ocassions starting from 1st PDCCH monitoring occasion for paging in the reference frame can be sequentially numbered from 0. If X is the number of actual transmitted SSBs:
· 1st PO is 0 to X -1th PDCCH monitoring ocassions for paging; 
· 2nd PO is Xth to 2X-1th PDCCH monitoring ocassions for paging; 
· 3rd PO is 2Xth to 3X-1th PDCCH monitoring ocassions for paging and so on.
Example 1:

nB = T; offset = 0; Number of SSBs X = 4;
Reference Frame: (SFN +offset) mod T= (T div N)*(UE_ID mod N); let’s say reference frame is SFN X for a UE based on its UE ID.

i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T); so, i_s = 0 and Ns = 1

PO monitored by UE = 1st PO = 0 to 3rd PDCCH monitoring ocassions for paging.
Figure 2A shows the PDCCH monitoring ocassions monitored by UE for paging search configuration: Monitoring-periodicity-PDCCH-slot = 1; Monitoring-symbols-PDCCH-within-slot = 00100000100000; and PDCCH Corset Length in symbols = 4;
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Figure 2A
Figure 2B shows the PDCCH monitoring ocassions monitored by UE for paging search configuration: Monitoring-periodicity-PDCCH-slot = 2; Monitoring-symbols-PDCCH-within-slot = 00100000100000; and PDCCH Corset Length in symbols = 4;
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Figure 2B

Example 2:

nB = 2T; offset = 0; Number of SSBs X = 4;
Reference Frame: (SFN +offset) mod T= (T div N)*(UE_ID mod N); let’s say reference frame is SFN X for a UE based on its UE ID.
i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T); so, i_s = 0 or 1 and Ns = 2
PO monitored by UE if i_s is zero = 1st PO = 0 to 3rd PDCCH monitoring ocassions for paging;
PO monitored by UE if i_s is one = 2nd PO = 4th to 7th PDCCH monitoring ocassions for paging;
Figure 3 shows the PDCCH monitoring ocassions monitored by UE for paging search configuration: Monitoring-periodicity-PDCCH-slot = 1; Monitoring-symbols-PDCCH-within-slot = 00100000100000; and PDCCH Corset Length in symbols = 4;
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Figure 3
Proposal 3: The UE monitors the PO pointed to by index i_s, where i_s is derived from the following equation:

i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T);

For i_s = 0, monitor the 1st PO; i_s = 1, monitor the 2nd PO; i_s = 2, monitor the 3rd PO; i_s = 3, monitor the 4th PO.
PDCCH monitoring ocassions for paging starting from 1st PDCCH monitoring occasion for paging in the reference frame are sequentially numbered from 0. If X is the number of actual transmitted SSBs:

· 1st PO is 0 to X -1th PDCCH monitoring ocassions for paging; 
· 2nd PO is Xth to 2X-1th PDCCH monitoring ocassions for paging; 
· 3rd PO is 2Xth to 3X-1th PDCCH monitoring ocassions for paging;
· 4th PO is 3Xth to 4X-1th PDCCH monitoring ocassions for paging;
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: The PO monitored by UE starts in radio frame which satisfies:

(SFN +offset) mod T= (T div N)*(UE_ID mod N)

Where, 

T: DRX cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
nB: 4T, 2T, T, T/2, T/4, T/8, T/16

N: min(T, nB)

UE_ID: IMSI mod 1024.

Proposal 2: Parameters nB, length of default DRX Cycle and offset is signaled in system information.

Proposal 3: The UE monitors the PO pointed to by index i_s, where i_s is derived from the following equation:

i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T);

For i_s = 0, monitor the 1st PO; i_s = 1, monitor the 2nd PO; i_s = 2, monitor the 3rd PO; i_s = 3, monitor the 4th PO.
PDCCH monitoring ocassions starting from 1st PDCCH monitoring occasion in the reference frame are sequentially numbered from 0. If X is the number of actual transmitted SSBs:

· 1st PO is 0 to X -1th PDCCH monitoring ocassions; 
· 2nd PO is Xth to 2X-1th PDCCH monitoring ocassions; 
· 3rd PO is 2Xth to 3X-1th PDCCH monitoring ocassions;
· 4th PO is 3Xth to 4X-1th PDCCH monitoring ocassions;
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5 Appendix

10.1UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;

-
a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;

-
a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-
a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and

-
a UE-specific search space for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.

A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. The control resource set configured for Type0-PDCCH common search space has control resource set index 0. The Type0-PDCCH common search space has search space index 0. 
For Type0A-PDCCH common search space or for Type2-PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace and the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level is given in Table 10.1-1. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace and the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
For Type1-PDCCH common search space, a UE can be provided a configuration for a control resource set by higher layer parameter rach-coreset-configuration and a configuration for a search space by higher layer parameter ra-SearchSpace. If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space. 

If a UE is not provided higher layer parameter osi-SearchSpace for Type0A-PDCCH common search space, the association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.

If a UE is not provided higher layer parameter paging-SearchSpace for Type2-PDCCH common search space, the association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. 
RAN2 101 Agreement [1]


Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID
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