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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]. 

[bookmark: OLE_LINK169]In RAN1#94bis, the following agreements were reached.
Agreement
The presence of NRS on subframes which will contain NRS even when no paging NPDCCH is transmitted is enabled by SIB.

Agreement
Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.
· FFS: Whether PO is from UE perspective or NW perspective

Agreement
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
FFS: Details of the subset, whether it depends on some existing parameters such as DRX cycle or new parameters by configuration
FFS: Whether the subset can be the whole set of POs by configuration.

For next meeting:
Companies are encouraged to consider increased network power consumption and interference, decreased chance for dynamic sharing with other RATs (e.g. NR), paging performance, reduced UE power consumption in the setting of presence of NRS when no paging is sent on a non-anchor carrier


In RAN1#95, the following agreements were reached.
Agreement
[bookmark: OLE_LINK172]RAN1 to discuss the issue of NRS presence for NPDCCH early termination when NWUS is enabled. Down-select among:
· Alt1: If NWUS is enabled (from network perspective), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· [bookmark: OLE_LINK191]Alt2: If NWUS is enabled (from UE perspective, i.e., enabled by network and supported by UE), there is no NRS for NPDCCH early termination, but there may be NRS for NWUS early termination.
· Alt3: Decouple configuration of NRS for NPDCCH early termination and NWUS early termination
· e.g. eNB can enable NRS for NWUS and disable for NPDCCH, or vice versa. 
· [bookmark: OLE_LINK198][bookmark: OLE_LINK199]Alt4: NRS is always associated with NPDCCH for paging

Agreement
In the POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted for NPDCCH early termination:
· 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
· FFS value(s) of N, M

Agreement 
[bookmark: OLE_LINK210]The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted can be the whole set of POs.


[bookmark: _Ref129681832]In this contribution we provide our views on NRS presence on non-anchor carriers when no paging NPDCCH is transmitted.
Discussion
[bookmark: OLE_LINK527][bookmark: OLE_LINK528]NRS presence with/without NWUS
In RAN1#95, RAN1 discussed the issue of NRS presence for NPDCCH early termination when NWUS is enabled and four alternative solutions have been agreed. We give some analysis of the four alternative solutions.
· Alt1 and Alt2
[bookmark: OLE_LINK220][bookmark: OLE_LINK35]If network enable NWUS, then the NWUS capable UE will not monitor NPDCCH unless it detects the NWUS. The NRS presence with NWUS can help NWUS capable UE to early terminate NWUS. But for the UE does not support NWUS, the UE cannot get the NWUS configuration and cannot know the NRS presence with NWUS. Thus, the NRS presence with NWUS cannot bring benefit for the UE that not support NWUS to early termination NPDCCH.
[bookmark: OLE_LINK179]In addition, one NWUS associates to N consecutive POs for the UEs configured to use extended DRX cycle. If the UE detects NWUS, the UE shall monitor the following N consecutive POs, e.g. N=4, as shown in Figure 1. We assume that there is paging message at the third PO, and there are no paging message at the first PO and the second PO, then the UE in good coverage needs NRS to early terminate NPDCCH at the first PO and the second PO. Due to the gap between WUS and PO is large when the eDRX cycle is used, the NRS associated to NWUS is not proper for the UE early terminate NPDCCH.

[bookmark: OLE_LINK34]Figure 1 Example of relationship between NWUS and PO for extended DRX cycle
[bookmark: OLE_LINK173][bookmark: OLE_LINK189][bookmark: OLE_LINK33]Furthermore, RRM measurement is relaxed in Rel-15. When RRM measurement relaxation is enabled, RRM measurement need only occur once in N DRX cycles, the UE can use NWUS for synchronization during (N-1) consecutive DRX cycles. If the NWUS is used for synchronization, the UE and eNB is synchronized only if the NWUS is detected. So the NRS are present at some location (e.g. before the start position of NWUS transmission, the first some subframes of NWUS transmission) that will obtains an inaccurate SINR estimation in a non-synchronized scenario, as shown in Figure 2.

Figure 2 NRS measurement is not accurate in a non-synchronized scenario
[bookmark: OLE_LINK38][bookmark: OLE_LINK193]Observation 1: When no NRS for early terminate NPDCCH but have NRS for early terminate NWUS, the following issues are identified:
· When NWUS is not configured or UE does not support NWUS, NRS with NWUS cannot be used to early terminate NPDCCH.
· [bookmark: OLE_LINK8]When NWUS is associated to N consecutive POs, the far away NRS with NWUS may not be suitable for NPDCCH early termination on these POs.
· When RRM measurement relaxation is enabled, NRS may not be suitable for NWUS early termination before UE synchronized with NWUS.
· Alt3
Decouple configuration of NRS for NPDCCH early termination and NWUS early termination, three case should be considered. 
[bookmark: OLE_LINK194][bookmark: OLE_LINK195]Case1: eNB enables NRS for NWUS and disables NRS for NPDCCH, the issues are same as the issues of Alt1 and Alt2.
[bookmark: OLE_LINK36]Case2: eNB disables NRS for NWUS and enables NRS for NPDCCH, which is equivalent to Alt4.
[bookmark: OLE_LINK197]Case3: eNB enables NRS for NWUS and enables NRS for NPDCCH, the NRS overhead will be increased too much.
[bookmark: OLE_LINK206]Observation 2: If eNB enables both NRS for NWUS early termination and NRS for NPDCCH early termination, the NRS overhead is unnecessarily increased which impacts on system DL overhead, interference and network power consumption.
· Alt4
[bookmark: OLE_LINK200]If NRS is always associated with NPDCCH for paging, both the NWUS capable UE and UE that does not support WUS can know the PO location and the NRS location associated with PO. 
Proposal 1: Adopt Alt4 that NRS is always associated with NPDCCH for paging.

PO from UE/NW perspective
It has been agreed in RAN1#94bis [2] that subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO. Whether PO is from UE perspective or NW perspective is FFS. The definitions of PO from NW perspective and UE perspective should be discussed.
[bookmark: OLE_LINK40]The definition of NW perspective PO and two possible definitions of UE perspective PO are as follows:
· [bookmark: OLE_LINK202]NW perspective: all POs that network configures to all UEs. 
· UE perspective definition 1: all POs that UE can read from SIB configurations. 
· UE perspective definition 2: all POs that UE should monitor according to its UE_ID.
  
Figure 3 PO from network perspective and UE perspective definition 1/2
For PO from NW perspective, we assume NRS are associated to all POs that network configures to all UEs. For PO from UE perspective definition 1, we assume NRS are associated to all PO that the UE can read from SIB configurations, and the UE group 0 can see all UE group POs location. For PO from UE perspective definition 2, we assume the NRS are associated to the PO that UE should monitor according to its UE_ID, and the UE group 0 cannot see the other UE group POs in the gray dashed box, as shown in Figure 3. 
[bookmark: OLE_LINK39]Comparing the network perspective and the UE perspective definition 1, the POs that NRS associated are same and the NRS overhead is same, and the NRS associated to other group POs can assist to the UE of group 0, which can provide reliable SINR estimation for early termination of NPDCCH/NWUS.
[bookmark: OLE_LINK208][bookmark: OLE_LINK209]Observation 3: From the perspective of NRS overhead and the fact that NRS associated to many POs can assist to UE, the NW perspective and UE perspective definition 1 is equivalent.
[bookmark: OLE_LINK207]If PO is from UE perspective definition 2, the UE only knows that the NRS subframes associated with the PO that it should monitor, and does not know that the NRS subframes associated with other POs. In case the NRS associated with other POs already exists, it is a waste that the UE only uses the NRS associated to its PO to estimate the SINR.
Proposal 2: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from either of the following perspectives:
· NW perspective: all POs that network configures to all UEs. 
· UE perspective definition 1: all POs that UE can read from SIB configurations.

Location of NRS
[bookmark: OLE_LINK123]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)



The parameter nB is used to derive the PO and reflects the number of POs in a DRX cycle. If the DRX cycle is configured to 256 frames, the number of POs in a DRX cycle is 1024 when nB is 4T, whereas there is only one PO in a DRX cycle when nB is T/256. The relationship between nB and the number of POs in a DRX cycle is shown in Figure 4.

Figure 4 Example of the relationship between nB and the number of POs in a DRX cycle
In Rel-14, NRS do not have to be transmitted at times when no paging is sent on a non-anchor carrier, which helps reduce the network power consumption and the interference to other cells/systems and enhance dynamic resource sharing with other RATs e.g. NR. Even if we want to have some NRS presence on non-anchor carriers to early terminate NPDCCH/NWUS, the design of this feature should not only consider UE power saving but also take into consideration the network cost. The increase of the NRS presence should have a minor impact from a network perspective.
[bookmark: OLE_LINK44][bookmark: OLE_LINK214]It has been agreed in RAN1#94bis that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted. When the value of nB is large, a subset of POs have associated NRS will not increase too much NRS overhead and interference to other cells. However in some cases, a subset of POs have associated NRS cause some problems.
[bookmark: OLE_LINK43]Only a subset of POs have associated NRS, there are two possible solutions as follows:
Solution 1: for every N POs from NW perspective, the NRS are associated to the first PO.
Solution 2: for every N POs from NW perspective, the NRS are associated to the first M PO.
[bookmark: OLE_LINK218]The solution 1 is shown in Figure 5, following problems are identified:
· Unfairness: The PO that UE1 monitored has associated NRS in a DRX cycle, but the PO that UE2 monitored does not have associated NRS. When measuring NRS for early termination, the UE2 needs to wake up earlier than UE1 because UE2 is far away from NRS in every DRX cycle, and the UE2 will waste power. The PO that UE should monitor in a DRX cycle is fixed, the unfairness is not random for UE2 and some UEs which also far away from NRS.
· [bookmark: OLE_LINK215][bookmark: OLE_LINK216]Inconsistent behaviour: Some UE starts to measure the location of the NRS is inconsistent in case of paging is sent and no paging is sent. If paging is sent on a non-anchor carrier, the UE2 starts to measure the NRS at 10 NB-IoT DL subframes prior its PO. If no paging is sent on a non-anchor carrier, the UE2 starts to measure the NRS at a few tens NB-IoT DL subframes prior its PO.
[image: ]
Figure 5 NRS associated to every N POs
[bookmark: OLE_LINK221]Observation 4: When the NRS are associated to N POs, there are two problems:
· Unfairness: the UEs monitoring a PO far away from NRS always need to wake up earlier than the UEs monitoring the PO that have associated NRS subframes.
· [bookmark: OLE_LINK3]Inconsistent behavior: comparing the case of paging is sent and no paging is sent, the UEs monitoring a PO far away from NRS start to measure the location of the NRS is inconsistent.
For solution 2, we assume the value of N is 16, and the value of M is 4, as shown in Figure 6. The following issues are identified:
· Unreliable SINR estimation: the UE3 could not get benefit of power saving by early termination. Due to the paging DRX cycle is configured at least 1.28s, it is not precise for UE to use NRS associated with POs in other DRX cycle for its own SINR measurement. The reliability requirement for paging miss detection is 1%, unreliable SINR estimation will deteriorate paging miss detection probability.
· eDRX UEs cannot early termination: the UE may operate in extended DRX only if the UE is configured by upper layers. The eDRX UE will detects paging message during the UE-specific PTW. It is possible that some eDRX UEs cannot use the NRS to early termination because the NRS is not presence within the PTW. Therefore, some eDRX UEs cannot get benefit of early termination will decrease the feature value. 

Figure 6 NRS are associated to the first 4 POs per 16 POs
Observation 5: When the NRS are associated to the first M POs per N POs (e.g. the first M POs is in a DRX cycle, and the N POs is in multiple DRX cycles), there are two problems:
· [bookmark: OLE_LINK222]Unreliable SINR estimation: it is not precise for UE to use NRS associated with POs in other DRX cycle for its own SINR measurement.
· eDRX UEs cannot early termination: some eDRX UEs cannot use the NRS for early termination because the NRS is not presence within the PTW.
[bookmark: OLE_LINK4]In RAN1#95 agreement, the whole set of POs can have associated NRS subframes. In order not to increase too much NRS overhead, the whole set of POs have associated NRS and the number of NRS subframes associated to a PO is variable according to the value of nB. When the value of nB is large, the length of NRS associated to a PO should be as small as possible to limit NRS overhead. When the value of nB is small, there should be enough NRS associated to a PO to obtain reliable SINR estimation for early termination.
[bookmark: OLE_LINK47]In RAN1#95 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. FFS value(s) of N, M. When the whole set of POs have associated NRS, the length of NRS associated to a PO is related to the value of nB. We assume that the 10ms bitmap is randomly generated, ‘1’ indicate NB-IoT DL subframe, the arrow points to the first subframe out of the 10 NB-IoT DL subframes before the PO, as shown in Figure 7. In detail, the relationship between the length (i.e. M, N) of NRS 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;

Figure 7 Whole set of POs have associated NRS and the length of NRS is related to nB
For the UE behavior when no paging is sent on a non-anchor carrier, assume the PO monitored by UE4 is the subframe #0 of the frame #3, nB=4T. The UE4 can obtain SINR to early terminate NPDCCH by measuring NRS subframe #7 of frame #1 and NRS subframe #1, #2, #6, #7 of frame #2. The UE4 starts to measure the NRS at 10 NB-IoT DL subframes prior its PO, which is the same as the UE behavior when paging is sent on a non-anchor carrier.
[bookmark: OLE_LINK46]The larger the number of POs in a DRX cycle, the smaller the number of UEs monitoring the same PO. This helps to reduce false alarm probability of paging, however we do not want to increase too much NRS overhead when the number of POs is large. The variable length of NRS associated to a PO can guarantee similar NRS overhead in case of the value of nB is large or small, as shown in Figure 7.
[bookmark: OLE_LINK11]Proposal 3: The number of NRS subframe associated to a PO is variable according to the number of paging occasions in a DRX cycle (i.e. nB).
[bookmark: OLE_LINK45]Proposal 4: The location of NRS subframe(s) associated to a PO is related to the number of paging occasions in a DRX cycle (i.e. nB) as follows:
	The nB value
	The first M subframes out of the 10 NB-IoT DL subframes before the PO
	The N first NB-IoT DL subframes of NPDCCH search space

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	Less than or equal to T
	8
	0



Conclusions
In this contribution we provide our views on non-anchor carriers when no paging NPDCCH is transmitted. The following proposals are made.
Observation 1: When no NRS for early terminate NPDCCH but have NRS for early terminate NWUS, the following issues are identified:
· When NWUS is not configured or UE does not support NWUS, NRS with NWUS cannot be used to early terminate NPDCCH.
· When NWUS is associated to N consecutive POs, the far away NRS with NWUS may not be suitable for NPDCCH early termination on these POs.
· When RRM measurement relaxation is enabled, NRS may not be suitable for NWUS early termination before UE synchronized with NWUS.
Observation 2: If eNB enables both NRS for NWUS early termination and NRS for NPDCCH early termination, the NRS overhead is unnecessarily increased which impacts on system DL overhead, interference and network power consumption.
Observation 3: From the perspective of NRS overhead and the fact that NRS associated to many POs can assist to UE, the NW perspective and UE perspective definition 1 is equivalent.
Observation 4: When the NRS are associated to N POs, there are two problems:
· Unfairness: the UEs monitoring a PO far away from NRS always need to wake up earlier than the UEs monitoring the PO that have associated NRS subframes.
· Inconsistent behavior: comparing the case of paging is sent and no paging is sent, the UEs monitoring a PO far away from NRS start to measure the location of the NRS is inconsistent.
Observation 5: When the NRS are associated to the first M POs per N POs (e.g. the first M POs is in a DRX cycle, and the N POs is in multiple DRX cycles), there are two problems:
· Unreliable SINR estimation: it is not precise for UE to use NRS associated with POs in other DRX cycle for its own SINR measurement.
· eDRX UEs cannot early termination: some eDRX UEs cannot use the NRS for early termination because the NRS is not presence within the PTW.
Proposal 1: Adopt Alt4 that NRS is always associated with NPDCCH for paging.
Proposal 2: Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO from either of the following perspectives:
· NW perspective: all POs that network configures to all UEs. 
· UE perspective definition 1: all POs that UE can read from SIB configurations.
Proposal 3: The number of NRS subframe associated to a PO is variable according to the number of paging occasions in a DRX cycle (i.e. nB).
Proposal 4: The location of NRS subframe(s) associated to a PO is related to the number of paging occasions in a DRX cycle (i.e. nB) as follows:
	The nB value
	The first M subframes out of the 10 NB-IoT DL subframes before the PO
	The N first NB-IoT DL subframes of NPDCCH search space

	4T
	1
	0

	2T
	2
	0

	T
	4
	0

	Less than or equal to T
	8
	0
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