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1. Introduction
RAN2#101bis has discussed the calculation of paging occasions and made the following agreement [1]:
As a baseline, the association between SSB and monitoring window of PDCCH containing Paging DCI will be same as that between SSB index and its RMSI monitoring window (as defined in TS 38.213). It means the same monitoring window of PDCCH containing Paging DCI and RMSI monitoring window. 

It was also agreed to have the following email discussion to progress on the PO/PF calculation and determine paging capacity for the default association:

[101bis#67][NR] PO/PF calculation (QUALCOMM)

-
Figure out the details of PO/PF calculation formula for default association

-
Considering pattern 1, 2 and 3 of PDCCH monitoring occasions for RMSI

-
Figure out the paging capacity for the case of default association


Intended outcome: Report to next meeting


Deadline: Thursday 2018-05-10

Per the scope of the email discussion, we will only consider the paging formulas and capacity based on the default association between SSB and POs. Any possible additional paging occasions and their impact on the formulas and capacity should be discussed separately in the upcoming meetings. 

2. Discussion
2.1 PF/PO Calculation

RAN1 has agreed that the association between SSB and monitoring window for PDCCH containing paging DCI can be conveyed via RMSI but the default association would be same as between SSB and RMSI. RAN2#101bis decided to use this association in determining the paging occasions as a baseline.
The association between SSB and RMSI (which would also be the default one for paging) as copied from TS 38.213 is shown in the Annex. 
The different association patterns between SSB and RMSI in 38.213 are shown in Figure 1 below.
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Figure 1: Different association patterns between synchronization signal and RMSI
As shown here in Figure 1, RAN1 has defined three association patterns between SSB and RMSI monitoring window. In pattern 1, synchronization signal, RMSI CORESET and RMSI PDSCH are time division multiplexed. In pattern 2, synchronization signal and RMSI PDSCH are frequency division multiplexed but synchronization signal and RMSI CORESET are time division multiplexed. In pattern 3, synchronization signal is frequency division multiplexed with both RMSI CORESET and RMSI PDSCH.

Note that, pattern 2 and pattern 3 are only applicable for FR2. In other words, only pattern 1 can be configured in sub-6 GHz, whereas any of pattern 1, 2 and 3 can be configured for over-6 GHz [2]. In addition, pattern 3 is only applicable if SSB and RMSI use same numerology [2].

Based on these, synchronization signals and paging PDCCH monitoring window can occur in same time instances only in over-6 GHz and only if SSB and paging PDCCH share same numerology. 

On PF/PO calculation, several papers were submitted to RAN2#101bis. Two papers ([3], [4]), which focused on only default association, will be used here as reference.

PF Calculation:

Since RAN2#101 already agreed that “Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE ID”, the LTE framework can be adopted as was used in most of the contributions on this to RAN2#101bis.
In particular, we can define the following:

T: DRX cycle of the UE
nB: number of total paging occasions in T
N: min(T,nB)

UE_ID: IMSI mod 1024
Here the range of nB depends on the periodicity of SSB. Since the minimum and maximum values for SSB periodicities are 5ms and 160ms, the minimum and maximum values for nB are T/16 and 2T.

Since the paging frames are periodic with the default association, we can randomly select an occasion, similar to LTE, within T by using 

(T div N)*(UE_ID mod N)
There are two differences compared to LTE:

1. SSB and Paging Coreset may not be in the same frame for Pattern 1

2. PF is associated with SSB which do not necessarily start at SFN=0
The first issue happens due to how the default search space is defined by RAN1. For example, let’s consider FR2 and pattern 1. Value of O and M can be 5 ms and 1 in some scenarios. This means that RMSI search space, i.e., default paging search space, starts from 5 ms. Each slot will contain search space corresponding to one SSB and we need 64 slots (8 ms at 120 kHz SCS) to cover search space of 64 SSBs. So, even if SSB is contained within first five 5 ms of the radio frame, default paging search space can go till 13 ms.
This issue can be solved by adding an offset to account for this delta as provided in [4] which uses the formula in 38.213 and provides the offset delta_ssb_dci = [image: image3.png](02" + li-
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 between the SSB frame and PF. Here “i” is the SS/PBCH block index and other parameters are defined in 38.213.
The second issue is due to the fact that in LTE every frame is suitable for PF. But since T/nB is always an even number when nB is less than T, the SFN of PF is always. In NR, the SSB periodicity is also an even number of frames when less often than every frame.  However, SSB does not need to be transmitted at even frames and the PF should match the SSB location (in pattern 2 and 3). In [4], an offset for this is suggested as follows (it is not clear though how the offset is chosen for a given UE):

Offset: 0 for nB >=2T, 0...1 for nB =T/2; 0...3 for nB=T/4; 0...7 for nB = T/8; and 0…15 for nB = T/16

An easier way to solve this issue can be by using a single offset. Let S be the SSB periodicity and ssb_offset be the smallest SFN where SSB is transmitted. 

Combining the above, we can write the SFN for the PF formula as:
SFN_PF mod T = (T div N)*(UE_ID mod N) + delta_ssb_dci + ssb_offset

One drawback of this approach is that the SFN_PF depends on the beam index “i” which  the UE needs to obtain first after finding the best beam. Therefore, given that this index can change due to channel conditions, there is a causality dilemma. 

One approach to solve this would be to use the SFN of the SSB instead from which the UE can obtain the corresponding CORESET for the paging DCI. Then the UE behaviour will be similar to how the UE obtains the RMSI, first finding the right beam and then finding the corresponding PDCCH/PDSCH.

Even though RAN2#101 agreed that “The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)”, this may need to be modified for Pattern 1 because of the above problem. 
Based on this, an alternative formulation would be to write the SFN of the SSB corresponding to the paging occasion as:

SFN_PF mod T = (T div N)*(UE_ID mod N) + ssb_offset

Please provide any comments and suggestions on the above PF calculation if any.

	Company
	Comments

	Nokia
	Firstly I don’t think there is requirement to utilize RMSI search base for paging? And actually I don’t think we should do such a limitation in RAN2 as it would significantly reduce any capacity for paging.

In fact we assume there is no need in RAN2 paging frame calculation to take into account beam forming and/or association patterns of RMSI/SSB. We only need to define what is PF where paging can start (as well as PO – see PO part for details) and then RAN1 will handle actual definition when SSB index corresponding paging is sent (e.g. depending on beamforming/SCS etc.). So in our view sufficient PO/PF calculation in 38.304 is achieved by just defining similarly to LTE:
SFN mod T = (T div N)*(UE_ID mod N) 

Then naturally the actual point of time when UE can listen to paging depends on SSB index that happens to be best at that point of time (and SCS etc.). 

In fact I would not think that we are able to define in RAN2 actual mapping from SSB-index to correct point of time to listen to paging DCI. It is best to leave this to RAN1.

	CATT
	Firstly, we agree that the default association is our baseline of this discussion.

Secondly, We don’t think what you has been concluded that “Based on these, synchronization signals and paging PDCCH monitoring window can occur in same time instances only in over-6 GHz and only if SSB and paging PDCCH share same numerology” is  a correct understanding. As you have said in this document, the SSB and the related RMSI CORESET may not be in the same SFN in some case for pattern 1, this means the value of delta_ssb_dci for pattern 1 is different with the value of delta_ssb_dci for pattern2/3 in some case. Due to the value of delta_ssb_dci is given per pattern, why the three patterns should share the same PF formula. More addition, for a given time, the system can only choose one type of pattern to work, UE can know which pattern this system is used from the system information. So in our understanding, it’s more reasonable for RAN2 to define separate PF formula for each pattern. This solution is aligned with RAN1, because pattern is defined separately and each pattern has its own use case.

Thirdly, we think the LTE formula of PF (SFN mod T = (T div N)*(UE_ID mod N) ) is completely useless for NR, because this formula causes a big mismatch between UE actual PF SFN and the calculated UE PF SFN by LTE PF formula. This mismatch is caused by a new feature introduced by new defined SSB periodicity in NR. So now that the background in NR is completely different with LTE, why we have to inherit this useless LTE PF formula in NR? Using this LTE PF formula will introduce another issue about how to set the ssb_offset, actually, it’s not a easy work to give the correct ssb_offset for each case of each pattern. 

Further detail comments on why it’s not a easy work to give the correct ssb_offset for each case of each pattern：

In LTE, the parameter N: min(T,nB) is used to adjust the total PF number within a DRX cycle. In NR, 
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The ssb_offset is what Samsung said “Offset can be configured by network (set to zero for pattern 1; set to  smallest SFN where SSB is transmitted for pattern 2/3)”
But this restriction that in any case
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is impossible,  because N is set based on system paging overhead, 
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is set by different application scenario. The two configurations procedure is relatively independent. If you want 
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in any case, this means 
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 must be adjusted dynamically according to system paging overhead N, it’s strange that the system should change the value of 
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 frequently by following a random paging overhead. This will cause other issues, e.g frequent SI update and disorganize the  schedule of  normal traffic becuase of the frequent change of.
If we think 
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is not always true, the situation is even worse.  If 
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, the number of PO within a DRX cycle is more the number of 
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 periodicity.  In this case (
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) ,  ssb_offset  is UE mod N specific, each remainder will have a specific ssb_offset. 
For example,

nB=T, N= min(T,nB)=T,  
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for UE mod N=4k,   ssb_offset=0;

for UE mod N=4k+1,   ssb_offset=1

for UE mod N=4k+2,   ssb_offset=2

for UE mod N=4k+3,   ssb_offset=3

If nB=T, N= min(T,nB)=T,  
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for UE mod N=8k,   ssb_offset=0;

for UE mod N=8k+1,   ssb_offset=1

…
for UE mod N=8k+6,   ssb_offset=6
for UE mod N=4k+7,   ssb_offset=7
Other combination of (N, 
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For each combination of (N, 
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 ), we shall give a specific ssb_offset sets,  it’s too complexity and undesirable . So it’s not a easy work to find the previous nearest SFN which contains the paging PDCCH monitor window. 
Based on analysis above,  SFN_PF mod T = (T div N)*(UE_ID mod N) is undesirable to be reused in PF calculation.
More easy solution:
For pattern1:
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For pattern 2/3:
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In which 
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 is the starting SFN of any DRX cycle which meets
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 is the SSB periodicity, 
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is IMSI/S-TMSI/5G-S-TMSI, O and M is defined in Table 13-11 and Table 13-12 in TS38.213, 
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means the total number of POs in a DRX cycle.

	Samsung
	PF is the radio frame in which PO starts. PO starts at the slot corresponding to first i.e. SSB index (i) equals to zero. 

Pattern 1: 

O = 0, 2, 5, 7, 2.5, 7.5;    M = 1, 1/2, 2; (reference 38.213)

The delta_ssb_dci corresponding to start of PO is always zero. So there is no need to include delta_ssb_dci in determining the PF.

PF is the radio frame which satisfies

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

Pattern 2 & 3: PO is located in the radio frame in which SSBs are transmitted.
Example: SS burst set period: 20ms; PO can be there every 20ms i.e. NB = T/2

PFs as per LTE equation: 0, 2, 4, 6, 8, 10…and so on. 

For SS burst set period of 20ms, network can transmit SS burst set in radio frames

0, 2, 4, 6, 8 10, ….and so on OR 1, 3, 5, 7, 9, 11… and so on.

So the PFs determined by LTE equation does not match with the radio frames in which SSBs are transmitted. So an offset (in units of radio frame is needed). In the above example, if network transmit SS burst set in radio frames 0, 2, 4, 6, 8, 10…and so on, offset is zero. If network transmit SS burst set in radio frames 1, 3, 5, 7, 9, 11… and so on, offset is 1.

PF is the radio frame which satisfies:

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

We can use a common equation for all patterns (1/2/3):

PF is the radio frame which satisfies:

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

Offset can be configured by network (set to zero for pattern 1; set to  smallest SFN where SSB is transmitted for pattern 2/3)

	Intel
	We’re ok with LTE based PF calculation unless this formula causes a mismatch between UE actual PF SFN and the calculated UE PF SFN by LTE PF formula, which is indicated by CATT. It will be good if company shows more detailed mismatch scenario. If so, we can reconsider whether we need to inherit LTE based PF calculation or not. 

	Ericsson
	We share Nokia’s concern of limiting the paging search space to the RMSI monitoring window as we think this will have an impact to the paging capacity. We also have a different interpretation of the RAN1 agreement of the default association between the SSB and the PDCCH monitoring window compared to what is discussed in this document. Here it seems to assume that there should be one and only one PF associated with each SS Burst Set. But as to our understanding, the algorithm for Type0-PDCCH in TS 38.213 points out a slot recurring in every second frame, i.e. independently of the SS Burst Set periodicity. This may have different consequences depending on whether it concerns RMSI transmission (which this configuration is in fact designed for) or paging (which can use this configuration as a default configuration in absence of an explicit configuration of a common search space for Type2-PDCCH) as discussed here. In our view the RAN1 agreement allows every second frame to potentially be configured to be a PF. Which, and how many of these frames that are PFs should be determined by the PF algorithm.
Using the LTE PF algorithm as a baseline is good. However, this algorithm is not aligned with the algorithm associating SSBs in TS 38.213. The frames pointed out by 38.213 may be odd or even, whereas the baseline LTE algorithm consistently points out an even-numbered frame (unless every frame is a PF). Modifying the PF algorithm to match frames already pointed out by another algorithm seems unnecessary and may overly complicate the algorithm. It would be better to define an algorithm that is applied for the non-default cases, while a very simple algorithm could be used in the default case. This simple algorithm could e.g. be that every Pth one out of the frames pointed out by the algorithm in TS 38.213 is a PF, where P = 1, 2, 4, 8… This will result in NPF/DRXcycle PFs per DRX cycle (where NPF/DRXcycle = DRXcycle/(2P)), which could be numbered NPFnumberWithinDRXcycle = 0, 1, …N-1. And among these NPF/DRXcycle PFs a UE is allocated the one satisfying NPFnumberWithinDRXcycle = UE_ID mod NPF/DRXcycle.
For the non-default cases, we share Samsung’s view that the (SFN + offset) mod T= (T div N)*(UE_ID mod N) or SFN mod T= (T div N)*(UE_ID mod N) + offset could be used for the PF calculation. The purpose of the offset would be to allow the network to shift the POs in time to make POs coincide with SS Burst Set, if so desired. But note that depending on the SS Burst Set periodicity and the PF configuration, the POs may be denser than the SS Burst Sets. As a consequence, multiplexing pattern 1 may be used in parallel with multiplexing pattern 2 or 3 in FR2. Some POs would coincide with SS Burst Sets (using pattern 2 or 3) while other POs would use pattern 1. Only when the SS Burst Sets are more frequent than (or equally frequent as) the PFs will the offset be able to make every PO coincide with a SS Burst Set. But note also that the offset could also be used to avoid that POs coincide with SS Burst Sets. Making POs coincide with SS Burst Set is attractive to minimize the UE’s wake time and to achieve good resource efficiency when analog TX beamforming is used in the gNB. The rationale for avoiding that POs coincide with SS Burst Sets may be that this may be needed in cases where a UE cannot receive the SS Block and a paging PDCCH simultaneously, e.g. UE that is not capable of receiving data with two different SCSs simultaneously or a narrow-band UE in the future releases. Hence, since different UE categories will have different requirements, two different offsets could be defined, one to be used by UEs which cannot receive the SS Block and a paging PDCCH simultaneously and another offset to be used by other UEs.

	ZTE
	We think the PF/PO calculation for pattern 1 and pattern 2/3 should be considered separately. 

For pattern 1: 

PF is given by following equation (see [38.213]):

SFN mod T= (T div N)*(UE_ID mod N)      – (i.e. calculate SFN that satisfies the above equation)
PF = SFN + 
[image: image26.wmf]ë

û

(

)

ë

û

m

m

,

frame

slot

2

N

M

i

O

×

+

×


And the slot containing monitoring window within the paging occasion derived from following calculation (see [38.213]):
            Error! Reference source not found.
The following Parameters are used for the calculation of the PF, PO：
-
T: DRX cycle of the UE

-
nB: T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256

-
N:min(T,nB)

           - 
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For pattern 2 &3:

PF is determined as the SFN that satisfies the following equation:

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

- T: DRX cycle of the UE

- M = max ( S, 1) 

- Ns = (T div M)*nR

- N = max (Ns , 1)

- nR: 1,1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, and 1/256, nR is the ratio of configured number of POs relative to the maximum number of POs within the DRX cycle, e.g, when S =1 and T = 32, the maximum number of POs number in this case is 32, nR = 1/2 means 16 POs are configured during the DRX cycle (T  = 32).
- S: SS burst set periodicity in terms of number of Frames. e.g, S = 0.5 for 5ms, S = 2 for 20ms SS burst set periodicity etc.

	OPPO
	Firstly, we prefer to define a common formula for PF/PO calculation for pattern 1 and pattern 2/3.  We are OK to use LTE based PF calculation except that there will be a mismatch between UE actual SFN and the calculated UE PF SFN by LTE PF formula. Because the PDCCH resource are periodical configured. So we think the UE should find the previous nearest SFN which contains the paging PDCCH monitor window and consider this SFN as the PF of the UE. It also means that the UE will adjust the PF based on the calculated UE PF SFN by LTE PF formula. It is simple and valid.

	MediaTek
	1. We generally support the idea of taking SSB frame into account by introducing some offsets.
2. We wonder if the “delta_ssb_dci” modelling is correct. We think the formula 
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is defined for UE to look for a slot to monitor, not a frame.

3. The offset should be added at the left hand side of the equation, e.g., as proposed by Samsung: 

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

This means that the PF is moved to an earlier frame. This formula can be used not only for the case of FDMed SSB & PO, but also for TDM cases where SSB periodicity is too long and PF is moved closer to the previous SSB for better pre-sync.

	Huawei/HiSilicon
	1. We support reuse the paging frame concept from LTE, in which certain radio frames are identified as paging frames and the UE hashes to a paging frame within the length of the DRX cycle
2.  We think the LTE formula can be reused with minimal changes. The offset can be added to any side (LHS or RHS). If it is added to the RHS, then we think there should be a mod T there also. Otherwise, the formula may not give correct results.

3. From the perspective of minimize Idle UE power consumption we think there is value to align the paging frames with SMTC windows. Providing an explicit offset for SMTC in the formula for calculating PF SFN seems a natural way to accomplish this:

SFN mod T= ((T div N)*(UE_ID mod N) + Offset_SMTC + Offset_SSBIndex) mod T
4.  The trade off in aligning with SMTC to minimize Idle power is that this can limit the number of PFs in a DRX cycle, and hence may limit the paging capacity. To address this it may be useful to allow clusters of paging frames to defined, keeping the PFs close the SMTC windows. 
Note that this would not strictly confirm to the “constraint” RMSI monitoring occasions, or default association, and so is somewhat beyond the objectives of this e-mail discussion. However, we have included it here for completeness. 
5. We prefer to have a single formula for both pattern 1 & patterns 2/3. To achieve this we may slightly different definition for different parameters (e.g.  N, Offset_SSBIndex) in the formula.   


Discussion: Most companies agree that the RAN2#101bis agreement on default association suggests that RMSI and PO Coreset search space are same. This was also confirmed by the Chair. One company thinks that this was not the actual agreement. Another company thinks that we should also consider other paging locations. But the last point is not in the scope here and should be discussed separately.

Most companies want to use LTE formula as a baseline. One company (CATT) thinks that the LTE formula is not suitable for NR due to new SSB structure. It is true that the PF can be derived differently than LTE by only considering SSB locations. However, there are two drawbacks:

· SSB occasions do not one-to-one correspond to PO locations under default association for pattern 1. Here the SSB periodicity could be 5ms or 10ms but, per the Table and formula in 38.213, the RMSI (and hence the default PO) is every 20ms.

· LTE formula allows having PO locations independent of T and SSB periodicity (nB is not tied to SSB periodicity) and thus will allow to add new PO locations if agreed.

As it was observed in the document and by other companies, the LTE formula may not correspond to the actual PF where paging will be received. The first issue is due to LTE formula always pointing to an even number for SFN while SSB can be transmitted in odd frames in NR. The second issue is due to SSB and Coreset locations possibly in different SFN for certain SS indices for Pattern 1.

We note that letting the UE determine the SSB corresponding to the SFN given by the LTE formula and finding the actual PDCCH SFN from there is not compatible with the following RAN2#101 agreements:

· The PO is defined by the period in which the paging DCI can be sent (Type2-PDCCH)

· Within the DRX cycle, the UEs derive a reference frame and relative to that a paging occasion based on UE
Because of these agreements, we need to define PF and PO so that they give the actual locations where the UE monitors PDCCH. Here of course we assume that how “UEs derive” in the agreement does not mean that it is up to UE implementation but should actually be specified.
For the default association, the SFN given by LTE formula should be shifted so that it is either same as where the Coreset for RMSI is located or contains the start of the Coreset location. The first option needs an offset similar to delta_ssb_dci and it needs to take into account the actual SSB index chosen by the UE. The second option leaves figuring this out to the UE based on the SSB index that it uses and thus simplifies formula. The opinion was split on this so we can go with the simple option.
As mentioned above, another shifting is also needed to align the SFN to match the SSB locations. This is the ssb_offset and can be placed either on the left or right side of the equation for the default association; in both cases, the PF SFN will include SSB; it is only shifting to the left or right. One company suggests that the left side will enable “pre-sync” which seems to consider the case when T is smaller than SSB.  However, in that case, the UE will obviously use the SSB before the PO. One company suggests that this should be configured by the network, but this is not necessary for the default association since it can simply be calculated using the deterministic locations of the SSB. In this case ssb_offset is simply the smallest SFN which includes SSB when the periodicity is greater than 10ms. If more PO locations are adopted, more offset locations can be defined.
Proposal 1: Adopt LTE formula (SFN mod T) =  (T div N)*(UE_ID mod N) to derive a first reference point where 

T: DRX cycle of the UE

nB: number of total paging occasions in T

N: min(T,nB)

UE_ID: IMSI mod 1024

Proposal 2: Add an offset to the first reference point to find the paging reference PF where the offset equals to the smallest SFN which includes SSB if SSB periodicity is > 10ms.
Observation 1: The minimum and maximum values for nB are T/16 and 2T and determined by the RMSI periodicity for default association.

Observation 2: More or different paging locations can be introduced by defining offset values other than the one in Proposal 2.
----------------------------------
PO Calculation:

For PO calculation, the same idea of distributing the paging occasions in the PF as in LTE can be used. In LTE, depending on how many subframes are configured for paging, the index is given by the following table (copied from 36.304):
Paging occasion calculation in LTE

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


Here Ns = max(1,nB/T) and i_s = floor(UE_ID/N) mod Ns.

For SSB periodicities of 10ms and 20ms, the SSB location is always at slot 0 of the frame. For periodicity of 5ms, it could be start at either slot 0 or at 5ms location. The same formula of LTE where Ns = 1 or 2 can also be used for NR. Thus, the slot for paging DCI is given as follows:

slot_PO = i_s * (number of slots in 5ms)

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

Note that Ns=2 only when SSB periodicity is 5ms (applicable to FR2) and i_s = 0 when Ns <=1. Also note that slot_PO gives the starting slot for monitoring PDCCH where UE can monitor other slots in the same half frame as captured in 38.213.
Please provide any comments and suggestions on the above PF calculation if any.

	Company
	Comments

	Nokia
	As indicated above (PF part) we don’t need to tie SSB strictly to paging occasion. If that would be the case we would not be able to achieve any reasonable capacity for paging. 

	CATT
	Firstly, we think PO formula (slot_PO = i_s * (number of slots in 5ms)) is a misunderstanding of RAN1 QCL feature. From network perspective, network don’t know which beam the target UE is in, so network should repeat the same PO in each SSB within a SSB periodicity. From UE perspective, UE also don’t know which beam it is in, so they should monitor from the first SSB slot within a SSB periodicity until it receives a target SSB i, after UE getting the SSB index i, the UE behaviour is already defined by RAN1in Table 13-11 to Table 13-14 in TS38.213. 

Secondly, The three formulas given above to locate UE specific PO means nothing, because UE should always monitor from the first slot of the first SSB within a SSB periodicity until it receives a target SSB i. The procedure for UE to get the target SSB index i is up to UE implementation, what RAN2 can do is to figure out a UE monitoring behaviour to align the definition defined by RAN1in Table 13-11 to Table 13-14 in TS38.213.

Thirdly, the result of PO formula should focus on slot index within UE specific PF and the UE target slot index is SSB index specific, but the result of the three formulas given above is common to all UEs belonging to the same SSB periodicity. No further details are given to locate UE specific PO slot from the three formulas given above, so some details defined by RAN1 should be added to locate UE specific PO starting slot index.

According to the analysis above, we’d like to give a more reasonable PO formula:

For pattern1:
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For pattern2:

Case1: for Table 13-13 case defined in RAN1 TS38.213
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Case2: for Table 13-14 case defined in RAN1 TS38.213
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For pattern3: 
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, i is the index of target SSB within a SSB periodicity. k = 0, 1, …, 7 which is defined in Table 13-14 in TS38.213.

UE can differentiate the different cases for different pattern by parameters broadcast in system information, so no more additional condition is needed to achieve it. It’s aligning with RAN1 definition.

	Samsung
	We agree to determine i_s and Ns as in LTE.

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

For pattern 2/3: SSBs can be present in 1st half frame or 2nd half frame of radio frame for SS burst set period of 10ms or higher. So starting slot of PO cannot always be zero. 

For pattern 1: Starting slot of PO in determined PF is also not always zero. 

So we can specify as follows:

For Ns = 1 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI (as specified in 38.213) , where the first monitoring occasion starts in determined PF;

For Ns = 2 and i_s = 0, PO is the set of PDCCH monitoring occasions for RMSI (as specified in 38.213) in 1st half frame of determined PF;

For Ns = 2 and i_s = 1, PO is the set of PDCCH monitoring occasions for RMSI in 2nd half frame of determined PF;

	Intel
	We’re not sure whether we need to define PO in 38.304. The RMSI CORESET monitoring window is defined in RAN1 and instead of defining PO in separate in 38.304, can we just refer/rely on that for PO? 

	Ericsson
	Like Nokia and Samsung seem to think, we believe the LTE algorithm for allocating POs within a PF cannot be readily reused. When a PF coincides with a frame containing an SS Burst Set (or two SS Burst Sets in case of 5 ms SS Burst Set periodicity), at least one PO in the PF should coincide with the SS Burst Set, i.e. the location of this PO is given by the SS Burst Set. In addition, we also see that more than two POs distributed in time cannot fit in a PF in all scenarios. The PO algorithm should avoid configuring more POs per frame or half-frame than can fit in the time domain. If more POs than can fit in the time domain in a PF are desired, the frequency domain should be utilized. This will also be needed to achieve a paging capacity equal to LTE in some scenarios. Hence, the algorithm should include conditions that will frequency multiplex POs in such cases.

	ZTE
	For pattern 1 the PO calculation is given in section 2.1. 
For pattern 2 and 3: 

In case SSB period belongs to {10ms,20ms,40ms,80ms,160ms}: there is only 1 PO in the PF, PO starts at the start of the SFN of PF, PO’s length is same as SSB burst period
In case SSB period is 5ms, there can be case that two POs are there in the PF in this case, the index i_s pointing to start point of SSB in PF may be derived as: 
i_s = UE_ID mod 2

	OPPO
	We also wonder if there is a need to calculate PO here. Maybe we need a concept of PO, but the PO will be the pagingPDCCH monitor window.

	MediaTek
	1. The proposed method can be used for FDM case (Pattern 2 and 3)

2. But for Pattern 1 (TDM), the paging DCI monitoring window spans two consecutive slots starting from 
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, which should be considered in the PO calculation. Also, in TDM case, paging DCI monitoring window appears in a 20ms (2 radio frames) interval. This seems to imply a maximum nB (number of paging occasions per DRX cycle) value of T/2 (i.e., one PO every two frames). However, since a paging DCI monitoring window consists of two consecutive slots, if the two slots can be treated as separated POs, we can have equivalently one PO every frame and maximum nB = T. In this case, the reference frame for UE to look for PO may be different from the calculated PF.

3. We propose the following PO calculation method for Pattern 1:
- For nB ≤T/2, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame.

- For nB = T: If SFN of calculated PF is odd, PO is determined as the first slot of RMSI/paging PDCCH monitoring window in the reference frame. If SFN of calculated PF is even, PO is determined as the second slot of RMSI/paging PDCCH monitoring window in the reference frame.

	Huawei/HiSilicon
	In general, we agree with Ericsson’s comments. Once the PF is determined, the UE simply needs to know which slots to monitor for the PO. We do not need to assume that the LTE formula should be reused. Furthermore, in some configuration and numerologies there may not be enough DL slots in a PF to accommodate more than 1 or 2 POs (complete rounds of beam sweeping. If paging capacity is an issue in such cases, we should look to exploit the frequency domain, by transmitting more than one paging message with a slot. This can be accomplished by supporting multiple paging DCIs within the same CORESET, and a given UE decoding one of the paging messages via hashing.

For the default association, which is the subject of this e-mail discussion, it seems that the slot to be monitored by the UE for paging DCI is already defined by the RMSI monitoring window, as explained by Intel. So it is not clear that we need to define anything additional in RAN2.  


Discussion: It was observed by many companies that the PO locations in a frame can be just 1 or 2 where the 2 locations only happens when SSB periodicity is 5ms. One main question is whether PO should point to the actual Coreset location or to the start of the search space. Since the choice of the SS is up to the UE, the second option seems more reasonable and seems to be preferred by more companies and also consistent with the proposed PF calculation above.   
In the frame whose SFN calculated by Proposal 1/2, if there is only SSB location, the PO will start after SSB for Pattern 1 and right before or at the same time with SSB for Pattern 2 and 3 respectively. In both cases, we can take PO slot to be 0 for simplicity as well as to have a uniform definition for all patterns. The actual PO slot will be chosen by the UE. 
If there are two SSB locations in the PF, then similar to single PO case, we can use either 0 or the start of the second half frame.

Proposal 3: Agree that PO will point to the start of Coreset locations which contain paging DCI.
Proposal 4: Let Ns = max(1,nB/T). If Ns=1, PO is always 0. If Ns=2, PO is either 0 or beginning of second half frame and UEs are randomly assigned either based on IMSI.

We can also observe the following:  

Observation 3: For Pattern 1, the actual location of the paging DCI may be in a different SFN than the PF given by Proposal 1/2.
2.2 Paging Capacity

Here we will discuss how NR paging capacity assuming only default association, i.e. only one PO per SSB, compares with LTE. We will only look at the maximum capacity since an estimation based on deployment and traffic models is outside the scope of this discussion.
To determine the number of users which can be paged in one PO, the maximum TB size for this message needs to be known. On this point, RAN2#101 has received an LS from RAN1 [5] which states the following:

In RAN1#92, RAN1 has discussed the maximum TBS for PDSCH containing RMSI/OSI/Paging/RAR, and a max TB size of 3000 bits is proposed by numerous companies for PDSCH carrying RMSI/OSI/Paging and a max TB size of 3000 bits is proposed by one company for PDSCH carrying RAR.

RAN2 has not yet reached a conclusion if 3000 bits was acceptable. There were some discussions in RAN2 regarding the maximum TBS size for the SIB1 contents but not on the paging capacity.
In E-UTRAN, the paging message includes the paging records for Idle mode UEs. Here, maxPageRec = 16. The PagingUE-Identity is IMSI or S-TMSI which are 64 bits or 40 bits respectively. Since paging with IMSI is used in abnormal cases (error recovery), we can assume that S-TMSI for capacity calculation.

In NG-RAN, the paging could be CN or RAN initiated. For CN initiated paging, the UE identity will be 5G-S-TMSI which was agreed to be 48 bits (RAN2#101bis confirmed this in reply LS to SA2).  For RAN initiated paging, the UE identity will be I-RNTI which is 52 bits.
PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


cn-Domain






ENUMERATED
{ps, cs},


...

}

We note that the paging message itself can also include system notifications for SI update, CMAS etc. but since these are all single bits, the impact on capacity is limited.

For the maximum paging TBS size of 3000 bits, the NG-RAN can page at most 57 UEs in one paging occasion assuming the worst case when they are all RAN paging. In contrast, LTE allows only 16 UEs to be paged in one paging occasion. On the other hand, it is reasonable to expect that 3000 bits will not be used in many deployments and a smaller value is more realistic, especially for FR2. 
As discussed in the PF/PO calculation above, the number of POs in one frame could be at most 2 for NR (when SSB periodicity is 5ms) considering the default association only and FR2. For Pattern 1, for initial access, the UE assumes thatthere is one SSB every 20ms. However, SSB periodicity can be configured to be 5ms or 10ms as well. In contrast, in LTE, it is possible to configure up to 4 POs in one frame. 

If we assume that a maximum size of 3000 bits for paging message can be transmitted for Pattern 1, the maximum capacity is still much smaller than LTE (57 vs 128 UEs every 20ms).

For Pattern 2, it is sufficient to use a paging message size of 1700 bits and SSB periodicity of 5ms to match the maximum LTE capacity. 
However, the actual paging capacity depends on deployment and traffic models and the paging message size suitable for coverage etc. It should be noted that in most LTE deployments today, nB is usually 1. On the other hand, for the future NR use cases such as massive IoT, more paging capacity may be needed.

Considering the default association, we can conclude:

Conclusion 1: The maximum paging capacity for NR FR2 is not worse than the maximum paging capacity for LTE. For FR1, additional PO locations are needed to match maximum LTE capacity if the default SSB periodicity of 20ms is assumed.
Conclusion 2: The actual paging capacity for NR depends on deployment and traffic models, paging message size which depends on the cell coverage, and SSB periodicity.  
Please provide any comments and suggestions on the above conclusions for NR paging capacity.

	Company
	Comments

	Nokia
	Probably we need to think FR1 no beamforming to have at least same capacity possible as LTE. See PO discussion for more details.

	CATT
	Firstly, We don’t think we can get Conclusion 1, as you have mentioned in PF part that “any of pattern 1, 2 and 3 can be configured for over-6 GHz[2]”, in this part(Paging Capacity), you said that “If we assume that a maximum size of 3000 bits for paging message can be transmitted for Pattern 1, the maximum capacity is still much smaller than LTE (57 vs 128 UEs every 20ms)”, it’s obvious that we can’t make a conclusion that “The maximum paging capacity for NR FR2 is not worse than the maximum paging capacity for LTE”, we should consider the worst Paging Capacity case caused by pattern1. 

Secondly, according to your analysis in this section, which said that “For Pattern 2, it is sufficient to use a paging message size of 1700 bits and SSB periodicity of 5ms to match the maximum LTE capacity”, in other words, only always setting the SSB periodicity to 5ms can reach the same Paging Capacity in NR compared to LTE. It’s strange to binding a specific SSB periodicity to Paging Capacity. If we set this restriction for SSB periodicity in high paging capacity case, no much resource will be left to do other traffic, because SSB of 5ms periodicity will occupy most of the system resource. This drawback is obvious if no more PO location is added in NR.

According to the analysis above, we’d like to give a complete solution:

Proposal1: Two sets PO/PF formula should be designed. One set for the configured association case, another is for default association case. 

Proposal2: The default association based Paging method is only applied to middle or low paging overhead case.

FFS: how to define middle or low paging overhead case

Proposal3: The configured association based Paging method is applied to any paging overhead.

FFS: How to define the configured association based Paging method.

	ZTE
	Our understanding is similar to that of the rapporteur. 

	OPPO
	we are not sure we can get the Conclusion 1 and Conclusion 2. 
We also think the paging capacity should be considered no matter it is FR1 deployment or FR2 deployment. 

	MediaTek
	1. In Pattern 1, a paging DCI monitoring window consists of two slots. If it is possible to treat the two slots as separated POs, we have paging capacity of 57*2 = 114 UEs every 20ms.

2. While the maximum paging capacity in FR1 may not be that bad, we have concerns about the overall radio resource occupancy by paging message in multi-beam operation. Recall that RAN2 has agreed that the paging message is repeated on every beam. Consider subcarrier spacing of 15 kHz and 3GHz < fc ≤ 6GHz, the maximum SSB index is L = 8, which means paging message is transmitted on 16 slots out of the 20 slots in 20 ms interval of PDCCH monitoring. In contrast, in LTE at most 4 subframes out of 10 can be used for paging transmission.

	Huawei/HiSilicon
	We agree with the gist of Conclusion 1. However, considering the constraints of default association, which is the subject of this e-mail discussion, we think it should be modified as follows in order to be accurate:

Conclusion 1: The maximum paging capacity for patterns 2/3 is not worse than the maximum paging capacity for LTE. For pattern 1 additional PO locations may be needed to match maximum LTE capacity
In general, in order to match the paging capacity of LTE we NR needs to support at least 1 PO per radio frame. Perhaps we can capture this as a conclusion:

Conclusion 0: To achieve a similar paging capacity as LTE, the required PO density in NR is one PO per radio frame.
Conclusion 2 seems a bit strange to us. It is not clear why paging capacity should depend on the traffic model. Paging message size might depend on cell coverage, and hence be influenced by deployment. However, we have not seen any guidance from RAN1 that would support such a conclusion (e.g. 3000 bits can only be supported for cell range of x). And finally, for the default association we agreed to reuse RMSI monitoring occasions for paging PDCCH. So then there does not seem to be a direct link of paging capacity to SSB periodicity. Rather it seems to be more closely related to the periodicity of RMSI. 


Discussion: There are different views on this and the feedback provided is not sufficient to draw a conclusion and therefore more discussion is needed. There could be more clarity when the PF/PO calculation is determined.
Proposal 5: RAN2 to further discuss paging capacity after the PF/PO calculation is agreed.
3. Conclusion
Proposal 1: Adopt LTE formula (SFN mod T) =  (T div N)*(UE_ID mod N) to derive a first reference point where 

T: DRX cycle of the UE

nB: number of total paging occasions in T

N: min(T,nB)

UE_ID: IMSI mod 1024

Proposal 2: Add an offset to the first reference point to find the paging reference PF where the offset equals to the smallest SFN which includes SSB if SSB periodicity is > 10ms.

Observation 1: The minimum and maximum values for nB are T/16 and 2T and determined by the RMSI periodicity for default association.

Observation 2: More or different paging locations can be introduced by defining offset values other than the one in Proposal 2.
Proposal 3: Agree that PO will point to the start of Coreset locations which contain paging DCI.

Proposal 4: Let Ns = max(1,nB/T). If Ns=1, PO is always 0. If Ns=2, PO is either 0 or beginning of second half frame and UEs are randomly assigned either based on IMSI.

Observation 3: For Pattern 1, the actual location of the paging DCI may be in a different SFN than the PF given by Proposal 1/2.
Proposal 5: RAN2 to further discuss paging capacity after the PF/PO calculation is agreed. 
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Annex

Association between Synchronization Signal and RMSI Monitoring Window for Multiplexing Pattern 1 

The association between synchronization signal and RMSI monitoring window containing PDCCH is defined in the following way in 38.213:

“For the SS/PBCH block and control resource set (CORESET) multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots starting from slot 
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 based on the subcarrier spacing for PDCCH receptions in the control resource set [4, TS 38.211]. The index for the first symbol of the control resource set in slot 
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Table 13-11 of 38.213: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1
	Index
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	Number of search space sets per slot
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	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if 
[image: image57.wmf]i

 is even}, {
[image: image58.wmf]CORESET

symb

N

, if 
[image: image59.wmf]i

 is odd}

	2
	2
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	1
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	3
	2
	2
	1/2
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	5
	1
	1
	0

	5
	5
	2
	1/2
	{0, if 
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	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	{0, if 
[image: image66.wmf]i

 is even}, {
[image: image67.wmf]CORESET

symb

N

, if 
[image: image68.wmf]i

 is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2


Table 13-12 of 38.213: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 2
	Index
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	Number of search space sets per slot
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	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	{0, if 
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	2
	2.5 
	1
	1
	0

	3
	2.5
	2
	1/2
	{0, if 
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	5
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	1
	0

	5
	5
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	1/2
	{0, if 
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	6
	0
	2
	1/2
	 {0, if 
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	7
	2.5
	2
	1/2
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	8
	5
	2
	1/2
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	9
	7.5
	1
	1
	 0

	10
	7.5
	2
	1/2
	 {0, if 
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	11
	7.5
	2
	1/2
	 {0, if 
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	12
	0
	1
	2
	0

	13
	5
	1
	2
	0

	14
	Reserved

	15
	Reserved


“
Table 13-13: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz 

	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

(k = 0, 1, … 15)
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	1
	Reserved

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Table 13-14: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 2 and {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz 

	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

(k = 0, 1, …, 7)
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	Reserved

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


Table 13-15: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing pattern 3 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
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	Reserved

	2
	Reserved

	3
	Reserved

	4
	Reserved

	5
	Reserved

	6
	Reserved

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved
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