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1 Introduction
[bookmark: _Hlk528935734]In the Rel-16 work item description (WID) on “Additional enhancements for NB-IoT”, one of the objectives is to improve the multi-carrier operation as follows [1]. 
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 

In RAN1#98, the followings agreements were reached [2]: 
Agreement
· For nB<T/2, M=10, N=0

The decimation factor (fraction of POs that have NRS) is:
· T/2: Decimation factor of 1/2
· T: Decimation factor of 1/2
· 2T: Decimation factor of 1/2
· 4T: Decimation factor of 1/2

[bookmark: _Hlk17981027]The following action points are for discussion in RAN1#98bis
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+(X div T)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· T is the DRX cycle measured in radio frames.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS: How to capture the above in the specification

[bookmark: _Hlk3580583][bookmark: _Hlk3542529]In this contribution we provide a follow-up on the above agreements, including the NRS decimation pattern, the number of subframes containing NRS prior/within a Paging Occasion (PO), and a view on “consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS”. 
2 Presence of NRS on a non-anchor carrier for paging in NB-IoT
[bookmark: _Hlk3580275]In RAN1 #96, it was concluded that “There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16” [3]. Therefore, we focus on the discussion of having a number of subframes containing NRS prior/within the NPDCCH search space of a Paging Occasion (PO) to enable early termination of DCI monitoring for paging. 
In RAN1 #95, it was agreed that the number of subframes that should contain NRS prior/within a PO depends on “M” and “N”, where:
· "M" is the potential number of subframes containing NRS before the PO, and 
· "N" the potential number of subframes containing NRS within the NPDCCH search space.
The design guideline was given by the following agreement:
“NRS is present in the first M subframes out of the 10 NB-IoT DL subframes before the PO, and the N first NB-IoT DL subframes of NPDCCH search space”

The exact values that “M” and “N” can take are still under discussion for the case of nB>=T/2, since as it will be explained in the next subsection, the total number of subframes containing NRS will depend on the density of POs within a DRX cycle.
2.1 Density of POs within a DRX cycle
For determining the number of subframes containing NRS, RAN1 has the following agreements concerning to two scenarios:
	Agreement
With regards to the RAN1#96bis agreement:
· If nB >= X, specify the decimation pattern/M/N for each nB.
· FFS if the value of M/N is different for different POs within a DRX cycle
· For nB < X, all POs have NRS. FFS value of M/N.

It is agreed that the value of X is T/2.

In RAN1#98, the followings agreements were reached: 
Agreement
-	For nB<T/2, M=10, N=0




Recall that “nB” refers to the number of POs in a DRX cycle. Hence, by using the conditional statements above we will have a:
· [bookmark: _Hlk11097054]None Sparse Case: High presence of POs (nB => T/2, i.e., nB = 4T, 2T, T, T/2 ), there are POs very close or even adjacent to each other. Not all the POs will have NRS, since a decimation pattern will be applied. 

· [bookmark: _Hlk11097090]Sparse Case: The presence of POs is sparse in time (nB < T/2, i.e., nB = T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024). All POs will have associated subframes containing NRS.

2.1.1	Presence of POs is sparse in time (nB < T/2)
When the presence of POs is sparse in time, RAN1 has already agreed “For nB<T/2, M=10, N=0”. However, it was not clear whether M includes invalid subframes. In Rel-14, it is specified that when the UE is paged on a non-anchor carrier, the UE assumes that NRSs are transmitted in 10 NB-IoT DL subframes before the PO. Therefore, in order to ensure a similar behaviour for the case with and without paging, M should be the number of NB-IoT DL subframes before the PO. 
Therefore, it is proposed that  
[bookmark: _Toc21078249]RAN1 clarifies that for nB<T/2, the UE assumes that NRSs are transmitted in 10 NB-IoT DL subframes before the PO.
2.1.2	High presence of POs (nB >= T/2)
When there is a high presence of POs, RAN1 has agreed that a decimation pattern will be applied accounting for the following agreements. The following action points are for discussion in RAN1#98bis. 
For the cases where decimation is applied, the decimation pattern is based on the following formula:
· R = (PO_Index+(X div T)) mod 2, where:
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N + i_s) mod T
· X = SFN + 1024 * H-SFN
· T is the DRX cycle measured in radio frames.
· If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
· FFS: How to capture the above in the specification

Recall that the paging frame (PF) and paging occasions (POs) are determined in [4] TS 36.304 as follows. 
PF is given by following equation:
SFN mod T= (T div N) * (UE_ID mod N)
Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation: 
i_s = floor(UE_ID/N) mod Ns 
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier: 
- T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, 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. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. 
- nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024. 
- N: min(T, nB) 
- Ns: max(1, nB/T) 
- Nn: number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) provided in system information
- UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.
For NB-IoT the possible values of T are {128, 256, 512, 1024}. The case when nB>=T/2, includes nB = 4T, 2T, T, T/2 and encompasses the presence of four UE groups (nB = 4T), two UE groups (nB = 2T) and one UE group (nB = T and T/2 respectively). Since the PF is determined as “SFN mod T= (T div N) * (UE_ID mod N)”, for the case nB={4T, 2T, T}, each radio frame is a PF and for nB = T/2, every other radio frame is a PF. The UEs are distributed to each of the PF based on the UE_ID, and each UE monitors its PO once per DRX cycle. 
Notice that the proposed formula R = (PO_Index+(X div T)) mod 2 is not related to a UE_ID but to i_s, which has at most 4 different values depending on the number of UE groups. As discussed above, the UE is distributed to every radio frame based on its i_s value. Therefore, by using R, the UEs are divided at most into two groups (i_s = 0, i_s =2 or i_s = 1, i_s =3), depending on Ns and alternates the PO position associate with NRS in different PF. To illustrate this, on Figure 1 we plot the R values for 1024 subframes considering nB=4T UE groups with T = 128. We notice that from UE perspective, as it only listens a PO per T radio frames, the density of NRS is not a problem if R is used as indicator. However, from the network perspective, since every radio frame is a PF which has 4 UE groups, in each radio frame, at least two UE groups have NRS associated with their POs. Therefore, the use of R alone does not necessary serve the purpose of decimation, especially when the values of M and N are large, which leads to NRS must be transmitted in almost every subframes. 
[bookmark: _Toc21078246]From network perspective, the use of R = (PO_Index+(X div T)) mod 2 results in excessive NRS presence for the case of nB=4T and nB=2T especially when the values of M and N are large. 

[image: ]
Figure 1 The value of R for SFN 0 to 1023 for the case of nB=4 and T=128. 
As the problem is caused by two or more UE groups with different i_s values are paged in the same PF, the use of R only decimates the NRS subframes for the case of Notice that for nB = T and nB = 2/T, i_s is always 0. For the case of nB = 4T and nB = 2T, R results in NRS presents in all radio frames. Therefore, we need to apply further constrains for the case of nB = 4T and nB = 2T to ensure reasonable NRS overhead from the network point of view. 
One solution to the problem is that for the case of nB = 4T and nB = 2T to further introduce that NRS appears every lth radio frame, where l can either be signalled or specified in the spec. The use of l together with R can result in a balance between NRS overhead and UE performance.  
Furthermore, we noticed that the inclusion of hyper SFN (H-SFN) has no effect on the alternating patterns. Since the values of T is chosen as integer divisor of SFN, it is not necessary to include H-SFN in the formula. This is the same when PF is calculated, where SFN is the only factor that determines the PF. Furthermore, the same definition of T should be used as in the determining of PF. 
[bookmark: _Toc21078247]It is not necessary to include hyper SFN values in the calculation of R. 
Hence, it is proposed that 
[bookmark: _Toc21078250]For the case when nB= T and nB=T/2, the decimation pattern is based on the formula R = (PO_Index+( SFN div T)) mod 2. 
· [bookmark: _Toc21078251]PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N) mod T
· [bookmark: _Toc21078252]T is the DRX cycle measured in radio frames defined in the RAN2 specification.
[bookmark: _Toc21078253]If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
In order to reduce the NRS overhead, it is preferred that the values of M and N for each PO should not be the same for all the nB values. For example, for the densest case, i.e., nB=4T or nB=2T it requires much smaller values of M and N, otherwise the entire radio frame will be populated with NRS. In order to provide flexibility at the network side and ensure co-existence and resource sharing between NB-IoT in-band deployment and LTE, it is better to have M and N configurable by the network. Therefore, it is proposed that 
[bookmark: _Toc21078254]For the case when nB= 4T and nB=2T, further introduce a parameter l together with R to determine the PO that has NRS associated with it. If R=1 and (SFN mode l) == 0, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Furthermore, as the procedures in determining of PF and POs are captured in the RAN2 spec, it is preferred that the procedures of determining POs associated with NRSs should also be captured in the same place. Therefore, it is proposed that
[bookmark: _Toc21078255]For the case when nB>=T/2, the network configures the values of M and N. The possible values of M and N are selected from the set {0, 1, 2, 3, 4}, and M and N cannot be zero at the same time.
[bookmark: _Toc21078256]Send LS to RAN2 to capture the POs associated with NRSs, the values of M and N for each UE group in the RAN2 spec after RAN1 reaches agreement.
2.3 FFS on considering the presence of CRS
In RAN #96 it was let for Further Study, considering the possibility of making the UEs aware of the presence of CRS in non-anchor carriers in subframes not containing NRS. The note captured in the Chairman’s notes states the following:
	For further study in future meetings:
[bookmark: _Hlk3886081]RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.



[bookmark: _Hlk3887028]The first thing to mention is that the above will be applicable for non-anchor carriers in-band operation, and that in the past it has been studied the possibility of using CRS for measurement enhancement. In [5] it evaluated the combined usage of CRS and NRS for measurement enhancement purposes:
“we evaluate the measurement accuracy based on CRS+NRS at 164 MCL with UE noise figure 5 dB and 9 dB. The transmit power of NRS is boosted 6 dB over CRS according to 36.104, and other simulation assumptions can be found in [2].”
The detailed obtained results can be found in Table 1 of [5], while the main conclusion was as follows:
“From the results, we can see that the measurement accuracy based on CRS+NRS is worse than that based on NRS only for both NF values due to the lower CRS transmit power”.
[bookmark: _Toc21078248]The combined usage of CRS and NRS for measurement enhancement gives worse measurement results comparing to using only NRS. 
If CRS were assumed to be present in subframes not containing NRS, it is important to be aware that e.g., a MBSFN subframe has a different structure than a normal (non-MBSFN) subframe (i.e., CRS cannot be assumed to be present in MBSFN subframes). Finally, CRS presence on non-anchors would also be problematic in the point of view of NR coexistence. 
[bookmark: _Hlk3886924]Based on the above, and mainly due that from the available results combining CRS+NRS resulted to be worse than using NRS only, it is proposed do not introduce any signalling for enabling the presence of CRS in non-anchor carriers in subframes not containing NRS.
[bookmark: _Toc21078257]Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
Conclusion
In the previous sections we made the following observations: 
Observation 1	From network perspective, the use of R = (PO_Index+(X div T)) mod 2 results in excessive NRS presence for the case of nB=4T and nB=2T especially when the values of M and N are large.
Observation 2	It is not necessary to include hyper SFN values in the calculation of R.
Observation 3	The combined usage of CRS and NRS for measurement enhancement gives worse measurement results comparing to using only NRS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 clarifies that for nB<T/2, the UE assumes that NRSs are transmitted in 10 NB-IoT DL subframes before the PO.
Proposal 2	For the case when nB= T and nB=T/2, the decimation pattern is based on the formula R = (PO_Index+( SFN div T)) mod 2, where,
· PO_Index is the index of the PO within one DRX cycle: PO_Index = (SFN/Ns * N) mod T
· T is the DRX cycle measured in radio frames defined in the RAN2 specification.
	If R=1, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Proposal 3	For the case when nB= 4T and nB=2T, further introduce a parameter l together with R to determine the PO that has NRS associated with it. If R=1 and (SFN mode l) == 0, the PO has NRS associated with it. If R=0 the PO does not have NRS associated with it.
Proposal 4	For the case when nB>=T/2, the network configures the values of M and N. The possible values of M and N are selected from the set {0, 1, 2, 3, 4}, and M and N cannot be zero at the same time.
Proposal 5	Send LS to RAN2 to capture the POs associated with NRSs, the values of M and N for each UE group in the RAN2 spec after RAN1 reaches agreement.
Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref20998823][bookmark: _Hlk528935781][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-192313, Additional enhancements for NB-IoT, RAN #85, Newport Beach, USA, September 16-20, 2019.
[bookmark: _Ref20998833]R1-1909689, RAN1 agreements for Rel-16 Additional Enhancements for NB-IoT, Futurewei, RAN1 #98, Prague, Czech Republic, 26th – 30th August 2019.
[bookmark: _Ref20998908]R1-1905976, “NRS presence on non-anchor carriers for paging,” RAN1 #97, Huawei, HiSilicon, Reno, United States of America, May 13th – 17th 2019.
[bookmark: _Ref20998941]3GPP TS 36.304, Evolved Universal Terrestrial Radio Access (E-UTRA), “User Equipment (UE) procedures in idle mode”, V15.2.0 (2018-12).
[bookmark: _Ref20998975]R1-1707024, “Further consideration on narrowband measurement accuracy improvement,” Huawei, HiSilicon, Neul, Hangzhou, China, RAN1 # 89.

	4/4	
image1.emf
0 200 400 600 800 1000 1200

SFN

0

1

R

i_s = 0 and i_s = 2

i_s = 1 and i_s = 3


