Page 1
3GPP TSG-RAN WG1 #97	R1-1907571
[bookmark: _Hlk7695818]Reno, USA, May 13th – 17th, 2019
	
[bookmark: Source]Agenda item:	6.2.2.6
Source: 	Qualcomm Incorporated
Title: 	Presence of NRS on a non-anchor carrier for paging (feature lead summary)
[bookmark: DocumentFor]Document for:	Discussion and Decision
1 Background
In previous meetings, the following was agreed:
Agreement
For the issue of NRS presence for NPDCCH early termination when NWUS is enabled, down-select among:
· 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. 
· Alt4: NRS is always associated with NPDCCH for paging

For further study in future meetings:
RAN1 to consider enabling presence of CRS in non-anchor carriers in subframes not containing NRS.

Agreement
The decimation pattern (i.e., the pattern that determines which POs have subframes with NRS even when no NPDCCH is transmitted) is designed at least with the following principles:
· P1: The decimation pattern shall be fair across UEs, i.e., all UEs see the same/similar percentage of POs with NRS.
· FFS: the case for eDRX
· P2: A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
· The maximum gap between the PO with NRS and the PO the UE monitors is not larger than X (to ensure that the UE can reliably estimate the SNR for NPDCCH early termination)
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.
· P4: The POs with NRS are quasi-uniformly/uniformly distributed from network perspective.
NOTE: It was already agreed in previous meetings that a subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.
Further study details of decimation pattern until RAN1#96bis. 

Other agreements related to decimation pattern:
A subset of the POs have associated subframes which will contain NRS even when no paging NPDCCH is transmitted.

Subframes which will contain NRS even when no paging NPDCCH is transmitted are associated to a PO.

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
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.


Configuration – Applicability of defaultPagingCycle-r13/T
3 Contributions presented their view on whether T should be used to determine the 
- Ericsson: Use “T”
- Huawei/HiSi, ZTE: Do not use “T”

Feature lead comment: It is feature lead’s view that
1)  T is not needed to determine the complete set of POs
2)  T is be needed to compute the set of POs with NRS if offset between different DRX cycles is applied

Ericsson argues that:

That is, nB cannot tell which radio frame(s) among the ones composing a DRX cycle contain the POs (this is given by “PF” which makes use of “N” and “T”), and it cannot tell either the PO mapping within such radio frame(s) (this is given by “Ns” which makes use of “nB” and “T”). 

Feature lead will argue that for the set of POs the UE does not need to know “T”:
Notes from TS 36.304:
SFN mod T= (T div N)*(UE_ID mod N)
i_s = floor(UE_ID/N) mod Ns
N: min(T,nB)
Ns: max(1,nB/T)
UE_ID can take any integer value between 0 and 16383
Maximum value of T is 1024
nB is signaled as follows: {4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, T/512,  T/1024}.


· Step 1: The set of possible i_s  do not depend on T
· i_s = floor(UE_ID/min(T,nB)) mod Ns
· Case 1.1: nB <= T, then
· i_s = floor(UE_ID/min(T,nB)) mod 1 = 0  Only 1PO per RF, does not depend on T
· Case 1.2: nB > T, then
· i_s = floor(UE_ID/T) mod nB/T  Note that UE_ID / T can have values between 0 and 15, so there are nB/T POs per RF (Note that nB/T does not depend on T)

· Step 2: The set of possible SFN do not depend on T
A SFN will have POs if SFN mod T= (T div N)*(UE_ID mod N)
Since the SFN with PO are periodic with a period of T, we can restrict the analysis to the SFN with PO within the first DRX cycle {0,…,T-1} will be those generated with (T div N)*(UE_ID mod N) for all possible UE_ID.
· Case 1.1: nB <= T, then N = nB
· (T div N)*(UE_ID mod N) = (T div nB) * (UE_ID mod nB)
· nB can take values between T and T/1024. For all these cases, UE_ID can take all values between 0 and nB – 1, so (UE_ID mod nB) can take all the possible values between 0 and nB-1
· X = (T div nB) does not depend on T
· So, all the possible POs in the first DRX cycle are (note that X*nB = T)
· {0, X*1, X*2,…,X*(nB – 1)}  = {0, X*1, X*2,…,(T – X)}
· The set of complete SFN with POs is {0, X*1, X*2,…,T - X}  + kT, with k an integer.
· Since X divides T (i.e., T mod X = 0), the complete set of POs does not depend on the value of T (all radio frames that are multiple of X will have a PO regardless of the value of T)
· Case 1.2: nB > T
· (T div N)*(UE_ID mod N) = 1 * (UE_ID mod T)
· Since (UE_ID mod T) can take any value between 0 and T-1, all radio frames have PO. This does not depend on T.

For the set of POs with NRS, however, if offset is applied we need to know T. In their contribution, Huawei/HiSi makes the following proposal for the decimation pattern:
- Every other PO, offset alters between consecutive DRX cycles
It is feature lead’s view that this decimation pattern requires knowledge of the DRX cycle to perform this offset
In view of the analysis above below, feature lead proposes the following:
Proposal 1: If the decimation pattern is such that different DRX cycles have decimation patterns that differ in an offset, defaultPagingCycle-r13/T is used to determine the set of POs (from network perspective) that have subframes with NRS even when no NPDCCH is transmitted. Otherwise, defaultPagingCycle-r13/T is not used.

Value of X
In RAN1#96b the following agreement was reached:

· 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.


The following values have been proposed:
· Ericsson: X=2T
· Huawei/Hisi: X = T/2
· ZTE: X=T
· Nokia/NSB: X = T/16
· Qualcomm: X = T/2
· MediaTek: X=T/2
· LGE (Implicit?): X = T

There is clear majority of companies that propose X>T/2. The following proposals can be tried

Proposal 2.1: (Less progress, more consensus): X >= T/2

Proposal 2.2: Downselect between the following options
· X=2T
· X=T (possible compromise)
· X=T/2
· X=T/16


Values of M,N for nB < X
There are several inputs on the values of M,N as described in the table below:
	Company
	M
	N

	Ericsson
	M & N are independently configurable, and M+N at most equal to 8

	Huawei/HiSi
	8
	0

	MediaTek
	10
	<=32

	ZTE
	Determined by RAN4

	Qualcomm
	N+M at least 10 / Configurable




Proposal 3: For nB < X, the minimum value of M+N is [8,10]
	- FFS if larger values than the minimum one can be configured.

Values of M,N for nB >= X
Without agreeing on the value of X, it is difficult to agree on the decimation pattern. However, the common framework around the detailed decimation pattern seems to be common (make sure there are a minimum number of NRS subframes “around” the PO).
[bookmark: _GoBack]Proposal 4: For nB>=X, the decimation/N/M pattern guarantees that are at least [8,10] subframes with NRS close to every PO (after decimation pattern, and from network perspective)

Proposal 5: For the decimation pattern for nB>=X, RAN1 to decide for each nB value:
	- M/N
	- Decimation pattern
	- Offset 
CRS in non-anchor
· Two companies (QC, LGE) propose to support presence of CRS when NRS is not present. 
· One company (Ericsson) proposes not to support it.
· Two companies (Huawei, HiSilicon) proposes to keep studying

There is not much input on this topic – postpone until next meeting (although time is running out).


Summary of proposals

	R1-1905970
	Ericsson
	Proposal 1	The total number of subframes containing NRS is less or equal than 8 subframes.
Proposal 2	“defaultPagingCycle-r13/T” is also used for determining the subset of POs that have subframes with NRS even when no NPDCCH is transmitted.
Proposal 3	X = 2T, all POs have NRS as long as nB corresponds to a one UE group case.
Proposal 4	“M” which refers to the subframes containing NRS before the PO, start from the subframe next to the PO and backwards (i.e., from right-to-left).
Proposal 5	The decimation pattern is a hybrid between Alt 1 and Alt2:
	
	The nB value
	“M“ + “N“ =

	nB >= X
	4T
	1

	
	2T
	2

	nB < X
	T
	4

	
	Less than or equal to T
	8



Proposal 6	Enabling the presence of CRS in non-anchor carriers in subframes not containing NRS is not supported.


	R1-1905976
	Huawei, HiSilicon
	Proposal 1: The NRS pattern determination shall follow the assumptions:
· For nB>=X, the total number of NRS determined by decimation pattern/M/N for each nB should be the same within a certain time duration across multiple POs (e.g. tens of milliseconds). UE needs to measure NRS belonging to a PO of a different group than its own in a certain time duration.
· For nB<X, all POs have NRS. UE is expected to only measure NRS belonging to its own PO.
Proposal 2: The value of X is T/2.
Proposal 3: For nB>=T/2,
· The decimation pattern is such that every other PO has an 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 4: For nB < T/2, all POs have NRS, the value of M is eight, 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
	8
	0



Proposal 6: It is not necessary to determine the subset of POs that have subframes with NRS based on defaultPagingCycle-r13/T.
Proposal 7: RAN1 further studies whether to enable presence of CRS on non-anchor carriers in subframe(s) not containing NRS.

	R1-1906510
	ZTE
	Proposal 1: The subset of POs that have subframes with NRS even when no NPDCCH is transmitted is determined based on nB-r13/nB only.
Proposal 2: X = T.
Proposal 3: For nB >= X, the distribution of subframe with NRS in each frame with NRS should be the same. 
Proposal 4: For nB >= X, DRX cycles with NRS are periodically distributed and the periodicity of DRX cycle with NRS is configured by eNB. 
Proposal 5: The value of M, N is determined by RAN4.


	R1-1906694
	LG Electronics
	Proposal 1: Every POs which are located on subframe number #9 have subframes with NRS even when no NPDCCH is transmitted.
· NRS is only present in the first M subframes out of the 10 NB-IoT DL subframes before the PO.
Proposal 2: In case of in-band same-PCI operation mode, presence of CRS transmission can be assumed in predefined subframes instead of the NRS.
· Decimation pattern for NRS transmission can be reused.


	R1-1906715
	Nokia, Nokia Shanghai Bell
	Proposal 1: Study further the decimation pattern/M/N for each nB when nB ≥ X.
Proposal 2: For nB < T/16, all POs have NRS.


	R1-1907005
	Qualcomm Incorporated
	Observation 1: In order to meet the NRSRP requirements defined by RAN4, it is observed that at least 10 subframes of NRS are needed.
Proposal 1: For the case of nB < X, N+M is at least 10.
Observation 2: The number of NRS for early termination of NPDCCH is different for different SNR regimes (or, equivalently, for different values of Rmax)
Proposal 2: The values of (N,M) are configurable at least for the case of nB < X. 
	- FFS whether the configuration is explicit or implicit depending on the value of Rmax
Proposal 3: If the separation between POs is greater than 20 ms, all POs have NRS (i.e., X = T/2)
Observation 3: From UE perspective, non-uniform separation between POs that contain NRS even when no NPDCCH is transmitted increases UE power consumption and complicates the optimization of UE behaviour.
Proposal 4: Modify P3 as follows:
· P3: The POs with NRS are quasi-uniformly/uniformly distributed from UE perspective.

Proposal 5: The POs with NRS are the ones that meet the following equation:	
Where:
	-  is the absolute PO number (across all UEs)
	- nB is the parameter defined in TS 36.304
	- R is the decimation pattern (i.e., the fraction of POs with NRS is R)
	-  is the offset for the i-th UE group with 
		- FFS:  to be designed to meet principles P4/P2.

Proposal 6: For in-band deployments, enable use of CRS for UE measurement in non-anchor carrier even when NRS is not present.
	FFS: Details



	R1-1907314
	MediaTek Inc.
	Proposal 1: The subset of POs that have associated subframes which will contain NRS even when no paging NPDCCH is transmitted is determined by UE from paging parameters nB-r13/nB and defaultPagingCycle-r13/T broadcast in PCCH-Config-NB-r13 in RadioResourceConfigCommonSIB-NB.
Proposal 2: Option 2, A UE belonging to a given UE group (being a UE group the group of UEs that monitor paging in the same PO) can use NRS belonging to a PO of a different group in addition to the NRS of its own UE group.
Observation 4: SINR can be estimated at least every 64 radio frames, where the channel propagation may be assumed to not have changed significantly
Proposal 3: Decimation pattern M/N with X=64. 
Proposal 4: M=10 and N ≤ 32.
Proposal 5: The subset of paging UE groups with NRS always transmitted is indicated by a N-bit bitmap, nrsTransmitBitmap, broadcasted on system information block SIB2 - the size of the nrsTransmitBitmap is 32bits.
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