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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1], and the following was agreed on improved multi-carrier operation:
Improved multi-carrier operation:
· 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#96bis, the following agreements were reached.
Conclusion
There is no consensus in RAN1 to support configuration of NRS for WUS early termination in Rel-16.

[bookmark: _Hlk5805297]Agreement
The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based at least on nB-r13/nB
· FFS: defaultPagingCycle-r13/T
· Note: The paging frame and the number of UE groups can be derived from T and nB

Agreement
For the NRS pattern: Define detailed pattern of (M,N) depending on the value of nB:
· 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.
where X is a fixed value which will be determined in RAN1#97.

In RAN1#97, the following agreements were reached.
For further discussion
Companies are encouraged to provide detailed decimation patterns to RAN1#98

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.

Agreement
For nB < X, the value of M+N is 10
· FFS: Whether the values of M and N are configurable

Agreement
For nB>=X, the decimation/N/M pattern guarantees that there are [10] subframes with NRS nearby every PO (after decimation pattern, and from network perspective)

Agreement
For the decimation pattern for nB>=X, RAN1 to decide for each nB value:
· M/N
· Decimation pattern
FFS: Offset (if used)

[bookmark: _Ref129681832]In this contribution we provide our views on NRS presence on non-anchor carriers when no paging NPDCCH is transmitted.
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]Discussion
[bookmark: OLE_LINK123]NRS pattern
[bookmark: OLE_LINK13]In RAN1#97, it has been agreed that the NRS pattern of (M, N) depends on the value of nB. When nB>=T/2, specify the decimation pattern/M/N for each nB, with the intention of not increasing too much NRS overhead for this dense case. When nB<T/2, all POs have NRS, because the overall density is low for small nB.
Decimation pattern/M/N for nB>=T/2
In RAN1#97, it has been agreed that the decimation pattern/M/N guarantees that there are [10] subframes with NRS nearby every PO. As we can see, every value of nB is an integer power of 2, but 10 is not an integer power of 2. If the number of NRS nearby every PO is an integer power of 2, it can ensure that there are the same number of NRS within a duration time before every PO in case of different nB configuration. So we prefer that the number of NRS subframes nearby every PO is 8.
Proposal 1: For nB>=T/2, the decimation pattern/M/N guarantees that there are 8 subframes with NRS nearby every PO (after decimation pattern, and from network perspective).
[bookmark: OLE_LINK75]When nB>=T/2, the decimation patterns are different between two consecutive DRX cycles, which PO of the two consecutive POs have NRS can be determined by an offset. In general, the offset for determining the POs with NRS can be calculated by the following equation:
[bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK7]Offset = (floor (SFN + 1024*H-SFN) / T)) mod 2
Where:
· Offset is used for determining the POs with NRS in one DRX cycle
·  means that the even POs associated NRS in the DRX cycle
·  means that the odd POs associated NRS in the DRX cycle
· SFN is the frame number of the first frame in the DRX cycle
· H-SFN is the hyper frame number of the DRX cycle
· T is the DRX cycle defined in TS 36.304
We present a NRS pattern as shown in Figure 1. We assume the DRX cycle is 256, the SFN of the first DRX cycle is 256, the SFN of the second DRX cycle is 512, and the H-SFN of the first DRX cycle and the second DRX cycle are both 0. By calculating, the Offset of the first DRX cycle is 1, and the Offset of the second DRX cycle is 0. This means that in the first DRX cycle, we select the first PO of the two consecutive POs to associate with the NRS. In the second DRX cycle, we select the second PO of the two consecutive POs to associate with the NRS. 

Figure 1 NRS pattern
[bookmark: OLE_LINK141][bookmark: OLE_LINK46]In Figure 1, for any value of nB>=T/2, we select one of two POs to have NRS, the decimation PO ratio is 2. The relationship between the length (i.e. M, N) of NRS associate to a PO and nB is as follows:
1) For nB=4T, M=1 and N=0
2) For nB=2T, M=2 and N=0
3) For nB=T, M=4 and N=0
4) For nB=T/2, M=8 and N=0
For nB>=T/2, there are 8 NRS subframes within 40ms in case of different nB, UEs in any coverage condition (especially UEs in poor coverage) can use the nearby NRS subframes within 40ms to reliably estimate SINR even if its PO does not have NRS.
Proposal 2: For nB>=T/2,
· The decimation pattern is such that every other PO has associated NRS when no paging, and the offset of the decimation pattern is altered between consecutive DRX cycles.
· For each nB, the values of M and N are as follows:
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0



Proposal 3: The offset of the decimation pattern meets the following equation:
Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2
Where:
· [bookmark: OLE_LINK70][bookmark: OLE_LINK71]Offset is used for determining the POs with NRS in one DRX cycle
· [bookmark: OLE_LINK73] means that the even POs associated NRS in the DRX cycle
·  means that the odd POs associated NRS in the DRX cycle
· SFN is the frame number of the first frame in the DRX cycle
· H-SFN is the hyper frame number of the DRX cycle
· T is the DRX cycle defined in TS 36.304

M/N for nB<T/2
[bookmark: OLE_LINK15][bookmark: OLE_LINK48]In RAN1#97, it has been agreed that the value of M+N is 10 for nB<T/2, whether the values of M and N are configurable that is FFS. In current NB-IoT, when a UE decodes a NPDCCH with CRC scrambled by the P-RNTI, the UE assumes that there are 10 NRS subframes before the PO, note that the 10 NRS subframes are consecutive NB-IoT DL subframes. In this feature, the UE also measures the M+N NRS subframes to estimate SINR, which benefits to NPDCCH early termination. Considering the value of M+N is 10, M means that the first M subframes out of the 10 NB-IoT DL subframes before the PO, and N means that the first N NB-IoT DL subframes of NPDCCH search space, we propose that M is a fixed value of 10 and N is 0, this design guarantees that the M+N subframes are consecutive, which benefits UE behavior consistency in case of decoding NPDCCH and measuring. In addition, the values of M and N are not configurable that can avoid excessive test cases.
Proposal 4: For nB < T/2, all POs have NRS, M and N are not configurable, the value of M is ten, and the value of N is zero.
In summary, we give the proposal for all nB cases.
Proposal 5: For each nB, decimation pattern/M/N have the following values:
	nB
	Decimation pattern
	M
	N

	4T
	Every other PO, offset alters between consecutive DRX cycles
	1
	0

	2T
	Every other PO, offset alters between consecutive DRX cycles
	2
	0

	T
	Every other PO, offset alters between consecutive DRX cycles
	4
	0

	T/2
	Every other PO, offset alters between consecutive DRX cycles
	8
	0

	<T/2
	All POs have NRS
	10
	0




Presence of CRS assumption
For in-band same PCI operation mode, CRS is possibly already present. If the presence of CRS on non-anchor carriers in subframes not containing NRS can be assumed by a NB-IoT UE, the CRS can improve SINR estimation for early termination and may reduce the need of sending additional NRS for in-band same PCI mode. 
However, there are still some concerns about assuming that CRS is present in a subframe where NRS is not assumed to be present. 
· Currently, when NB-IoT is deployed in LTE carrier, the CRS may have additional benefits for NB-IoT UEs. In future, a NB-IoT carrier may operate with a NR carrier where there is no assumption of CRS presence. It needs further discussion whether it is essential to introduce CRS presence assumption in a subframe where NRS is assumed not to be present. 
· For LTE, CRS muting is beneficial for CRS interference mitigation. If CRS muting is enabled for LTE, the CRS will not be present in the entire bandwidth. If NB-IoT UEs would assume that CRS is present, then the effect of CRS muting for LTE decreases. Further study is needed for the impact of  CRS muting if the CRS presence assumption is introduced for a subframe where NRS is not assumed to be present.
Based on the above two concerns, it is proposed to further discuss and identify beneficial scenarios of the CRS presence assumption in a subframe where no NRS is assumed, and to further study the potential impact on CRS muting in LTE.
[bookmark: OLE_LINK226]Proposal 6: RAN1 further studies whether to enable presence of CRS on non-anchor carriers in subframe(s) not containing NRS.

Conclusions
In this contribution we provide our views on non-anchor carriers when no paging NPDCCH is transmitted. The following proposals are made.
Proposal 1: For nB>=T/2, the decimation pattern/M/N guarantees that there are 8 subframes with NRS nearby every PO (after decimation pattern, and from network perspective).
Proposal 2: For nB>=T/2,
· The decimation pattern is such that every other PO has associated NRS when no paging, and the offset of the decimation pattern is altered between consecutive DRX cycles.
· For each nB, the values of M and N are as follows:
	nB
	M
	N

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	T/2
	8
	0



Proposal 3: The offset of the decimation pattern meets the following equation:
[bookmark: OLE_LINK76]Offset = (floor ((SFN + 1024*H-SFN) / T)) mod 2
Where:
· Offset is used for determining the POs with NRS in one DRX cycle
·  means that the even POs associated NRS in the DRX cycle
·  means that the odd POs associated NRS in the DRX cycle
· SFN is the frame number of the first frame in the DRX cycle
· H-SFN is the hyper frame number of the DRX cycle
· T is the DRX cycle defined in TS 36.304
Proposal 4: For nB < T/2, all POs have NRS, M and N are not configurable, the value of M is ten, and the value of N is zero.
Proposal 5: For each nB, decimation pattern/M/N have the following values:
	nB
	Decimation pattern
	M
	N

	4T
	Every other PO, offset alters between consecutive DRX cycles
	1
	0

	2T
	Every other PO, offset alters between consecutive DRX cycles
	2
	0

	T
	Every other PO, offset alters between consecutive DRX cycles
	4
	0

	T/2
	Every other PO, offset alters between consecutive DRX cycles
	8
	0

	<T/2
	All POs have NRS
	10
	0



Proposal 6: RAN1 further studies whether to enable presence of CRS on non-anchor carriers in subframe(s) not containing NRS.
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Appendix
For paging, the PF and PO are determined by the following formula using the DRX parameters provided in System Information (detail description in 36.304 [3]):
	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 as:
i_s = floor(UE_ID/N) mod Ns
The following Parameters are used for the calculation:
-	T: DRX cycle, 128, 256, 512, 1024 frames.
-	nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512 and T/1024.
-	N: min(T,nB)
-	Ns: max(1,nB/T)
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