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1. Introduction
During RAN2#96, several agreements were made related to paging on a non-anchor carrier. Moreover, further details were discussed in email discussions [3] and [4]. 
In this contribution, we detail our views on some remaining aspects of paging carrier selection for load balancing support. 
2. Discussion
In RAN2#95bis  meeting, it was agreed that

( Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
In RAN2#96  meeting, it was agreed that
· Up to 16 DL non-anchor carriers can be signalled in system information.
· IE npdcch-NumRepetitionPaging should be optional to allow delta configuration.
· The maximum of paging carriers is 16.
Number of paging carriers

In our understanding this RAN2 agreement includes the anchor carrier, which is a paging carrier. One of the rationales to use 16 paging carriers is the commonality with eMTC which uses 16 paging narrow-bands.

DL non-anchor carriers are also used for RA common search space, which is associated to the UL non-anchor carriers, and for which it was decided to have 16 carriers. Hence it does make sense to have 16 DL non-anchor carriers. However, the maximum number of DL non-anchor carriers being 16 does not mandate in any way that up to 16 non-anchor carriers should be usable as paging carriers.

In our view, the important should be the maximum total number of paging carriers, since eventually the paging functionality is the same whatever the carrier. 

Using 17 paging carriers (anchor + 16 non-anchor) would have an impact on the formula used or the associated constraints.
Hence in the following we consider Nmax=16 paging carriers.

Proposal 1: Confirm that a maximum of 16 paging carriers can be configured, including the anchor carrier
Absolute vs Relative weights

In the email discussion [3], use of absolute vs relative weights is discussed. However, it appeared that companies do not have exactly the same understanding.

In our view, there are 2 main options to define weights:
· Absolute weights, corresponding to an absolute proportion of UEs. 
Weight Mi means a proportion of UEs equal to Mi/Nmax is allocated to the carrier i (with Mi= Nmax). With Nmax being a power of 2, it enables a simple and direct mapping between a UE_ID subset (on 4 bits, given Nmax=16) and the real paging carriers. Also, with N paging carriers allocated, only N-1 weights need to be configured, hence typically only the non-anchor carriers weight need to be configured. The cons is that the granularity is fixed (here, 100%/16=6.75%).
· Relative weights, corresponding to a relative proportion of UEs. 
Weight Mi means a proportion of UEs equal to Mi/N is allocated to the carrier i (Mi= N). This can be done e.g. by using “virtual carriers” i.e., mapping Mi consecutive virtual carriers from an eMTC like formula to a real paging carrier.
In the email discussion question, the “absolute weight” formula is generalized as follows:
floor(UE_ID/(Range of UE_ID/W)) < W(1) + W(2) + … + W(PC)

where W(i) ∈ {0,…,W-1} is the integer weight assigned to paging carrier i, W is a constant and ΣW(i)=W. Assigning weight W(i) results in a proportion of UEs equal to W(i)/W being allocated to carrier i.
In our view, without the restriction that Mi= Nmax, this should not be classified as an absolute weight method, but as a relative weight method. Indeed the weights of each carrier become relative to each other, and no longer refer to an absolute proportion of UEs. And the expected behavior is exactly the same as with the relative weight method, which is that a proportion of Mi/Mi is allocated to carrier i. We think that if such relative distribution is preferred, then the way to go should be the “virtual carriers” as the “generalized absolute weight” formula above does not work (e.g. some UEs may not be assigned any carriers, as noticed by some companies in the email discussion).

Absolute weights details
We think absolute weights are good enough here, and simpler to understand/configure as they represent an absolute proportion of UEs. Hence we propose to use absolute weights. 

Given Nmax = 16 paging carriers, we propose to consider a UE_ID_PC on 4 bits (UE_ID subset). UE_ID_PC determines 16 UE_ID ranges. Then each weight W(i) between 0 and 16 indicates the number of consecutive UE_ID ranges associated to a carrier i. The weight W(i) directly translates into a proportion of UEs W(i)/ Nmax mapped to the carrier i.

Hence, the paging carrier PC is the smallest number satisfying following equation:
-
UE_ID_PC  < W(0) + W(1) + W(2) + … + W(PC)
Since  W(i) = Nmax, only W(i) for the non-anchor carriers need to be signalled.

Proposal 2: Consider absolute weights (absolute proportion of UEs), and only signal the non-anchor carriers weights
UE_ID considerations
In the email discussion, the possible correlation issues between the PF/PSF and PC (the paging carrier index) are discussed. Indeed up to 12bits are used to determine the PF/PSF, and at least 4 bits would be needed to address 16 paging carriers. So a total of 16bits would theoretically be needed to address all possible PO.

In our view, 12 bits UE_ID would still be enough as explained in our previous contribution [5]. Though, 14 bits UE_ID, being already available from eMTC, can easily be reused. In the following, we assume 14 bits UE_ID from eMTC will be reused, as this seems the majority view.

Proposal 3: Reuse UE_ID on 14 bits from eMTC
In order to further limit the remaining correlations, we propose to use the 4 MSBs of UE_ID as shown in Figure 1. 

I.e., UE_ID_PC  =  floor(UE_ID/2^10)  (i.e., we keep the 4 MSBs of UE_ID to determine the paging carrier index)
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Figure 1
With this choice, there are correlations only in the following extreme configurations: 

· T=10.24s and Ns=2 or 4 paging subframes

· T= 5.12s and Ns=4 paging subframes

These are extreme configurations, as typically it is not even expected to use paging subframes dues to repetitions spanning over several subframes.
Even though, it is important to understand what really happens. UEs will be distributed evenly between carriers, and evenly between PF/PSF, but:
· Within a given PC, UEs might not be distributed over all possible PF/PSFs
· Within a given PF/PSF, UEs might not be distributed over all possible PCs

Let’s consider the following worst configuration as an example:

· T=10.24s and Ns=4 paging subframes (nB = 12)

· 16 paging carriers

There are 2^16 possible paging groups in the PF/PSF/PC space (i.e. POs, indexed by PF/PSF/PC). But UEs can be mapped to only 2^14 UE groups. In this extreme configuration, indeed not all possible POs are used (only 1/4). The question is, is distributing UEs over 2^14 (=16384) POs enough.

From the TR, we may support around 52547 UEs/cell. The traffic model considers around 20% of these UEs in MT use case, i.e. around 10509. This means around 0.64 UEs per used PO. So it appears clearly that not using ¾ of the POs in that case is not an issue. 

Distributing UEs over 2^14 (=16384) POs is largely enough to accommodate expected MT traffic. What is important is to effectively distribute the UEs by using all the 14bits, that’s why we propose to use the 4MSBs of the UE_ID.
Finally, it can be noted that in typical cases, the proposed scheme naturally minimizes the correlations. For instance, even with nB=12, and 2 carriers with 50% UEs on each, or 4 carriers with 25% on each, there is no correlation.  

Proposal 4: Use 4 MSBs of UE_ID to determine 16 UE_ID ranges to be mapped to paging carriers using absolute weights
Summary
To summarize, we propose the following.

Signalling

- Nmax = 16 paging carriers, including the anchor carrier.
- N <= 15 non-anchor paging carriers can be configured. An associated weight W(i) between 0 and 16 can be configured for each non-anchor, which represents an absolute proportion of UEs  W(i)/ Nmax mapped to the carrier i.
The weight (proportion) of UEs on the anchor carrier can be deduced as the complement of the weight signalled for the non-anchors. It is convenient to use PC index 0 for the anchor: W(0) = 16 – [W(1)+…+W(N)].

Formula

- 
UE_ID_PC  =  floor(UE_ID/2^10)  

The paging carrier PC is the smallest number satisfying following equation:
-
UE_ID_PC  <  W(0) + W(1) + W(2) + … + W(PC)
3. Conclusion 
In this contribution, we have discussed our views on some remaining aspects of paging carrier selection, and made the following proposals:
Proposal 1: Confirm that a maximum of 16 paging carriers can be configured, including the anchor carrier
Proposal 2: Consider absolute weights (absolute proportion of UEs), and only signal the non-anchor carriers weights
Proposal 3: Reuse UE_ID on 14 bits from eMTC
Proposal 4: Use 4 MSBs of UE_ID to determine 16 UE_ID ranges to be mapped to paging carriers using absolute weights
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