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1
Introduction
RAN1 provided earlier an LS on specifying paging subframes for any UE in [1] where it was requested to capture how UE could understand any UEs paging occasion in order to avoid CSI-RS measurement in such a subframe. In the RAN2 this was discussed and it was identified that UE does not have knowledge of paging subframes for SCells as indicated in the reply LS [2] and thus it would be impossible to have paging frame avoidance for CSI-RS for SCells without additional signalling. Additionally during the RAN2 discussion it was questioned whether for FDD network could configure CSI-RS subframes not to collide with paging.
2
Discussion
In RAN1 discussions the one motivation for having UE to avoid paging frames for CSI-RS measurements was that solution does not require signalling changes – but at that point of time SCell handling was not considered and now it seems that even this solution would require some signalling changes for SCells. Thus it would be good to do some further consideration which way would be best way forward.
2.1
No need for signalling changes?

As discussed and considered in during the discussions of RAN1 CR, [3](it was considered that that paging avoidance solution is nice because it does not require any additional signalling but more or less relies on different UE understanding of possible paging subframes. For FDD systems, it seems that typical configuration can even simply avoid the collision by configuring proper CSI-RS subframes. 
Observation1: For FDD, it is possible to configure CSI-RS subframes not to collide with paging subframes.
But due to nature of TDD and less subframes applicable for DL transmissions, it was considered that TDD case may be more difficult to configure CSI-RS not to collide with paging subframes. For example, with TDD configurations 0,1 and 6 it may happen that none of the subframes is completely free from paging and therefore it’s impossible to avoid collision through proper configuration. But before making final conclusions on this it would be best to do more careful study of possible problem scenarios: 

First we want to provide close view on the paging configuration and how the paging frames and subframes are allocated for paging purposes.
Paging Configuration:

In the paging configuration one has parameter nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, which indicates directly if there is paging in every radioframe (nb>=T) or less often (e.g. T/32 = there is paging subframes in every 32nd radioframe). For example:
SFN mod T= (T div N)*(UE_ID mod N) e.g. nb=T/32 ->N=T/32

· SFN mod T = 32*(UE_ID mod T/32), e.g. T = 32
· SFN mod 32 = 0
In this scenario every UE is paged in same radioframe which happens to be one with SFN mod 32=0

Same calculation with nb=T 
· SFN mod T = UE_ID mod 32
In this scenario there is paging occasion in every radioframe for some UE, but for a specific UE the paging occurs every 32nd radioframe
And in order to know in which subframe one has paging occasion we need to study parameter nB again which gives how many subframes is used for paging in every radioframe: 

-
Ns: max(1,nB/T) e.g. nB=T/32 -> Ns=1 or in case of nB=2T -> Ns=2
For TDD (independent of used UL/DL configurations) PO indicates paging subframe in the paging radioframe:

	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	0
	N/A
	N/A
	N/A

	2
	0
	5
	N/A
	N/A

	4
	0
	1
	5
	6


As can be seen from above if network wants to configure more than one subframe in a radioframe for paging one needs to have paging in every radioframe. In other words – It is impossible to have paging occasion in every second radioframe (or less often) but in multiple subframes of that radioframe. And if we look into more details one can see that network can either configure either usage of subframe 0 (nB=T), subrame 0&5 (nB=2T), or subframe 0,1,5&6 (nB=4T) in TDD system in case every radio frame is reserved for paging. 
So for example for TDD configuration 0 with DL in subframes 0&5 (which are DL subframes in every TDD configuration) – there are two cases possible:

· Both subframes are used for paging (nB=2T – value 4T for this scenario is valid), which also means that those subframes are used for paging in every radioframe. So not even single subframe is left for CSI-RS => No need to solve this case as CSI-RS usage is impossible!
· Only subframe 0 is used for paging, and subframe zero can be used for paging in every or less radioframes => radioframe 5 always free from paging => CSI-RS can always use subframe 5.
So even for worst case of TDD scenarios it is possible to configure CSI-RS subframes not to collide with paging but of course one could argue if there is enough paging capacity with this kind of configurations. Definetely for TDD configuration having only DL in 0&5 there cannot be many UEs present in a cell and paging capacity demand needs to be small. 
But let’s study next how CSI-RS configuration can be set in these kind of scenarios:

CSI-RS subframe configuration:
In 36.211 there is explanation about CSI subframe configuration (36.331 [image: image1.png]


has values 0..154) :

Table 6.10.5.3-1: CSI reference signal subframe configuration.

	CSI-RS-SubframeConfig [image: image2.png]



	CSI-RS periodicity [image: image3.png]



(subframes)
	CSI-RS subframe offset [image: image4.png]



(subframes)

	0 – 4
	5
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	5 – 14
	10
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	15 – 34
	20
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	35 – 74
	40
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	75 – 154
	80
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So it seems that it is possible to configure even subframe 0 for CSI-RS in such a way that it does not collide with paging radioframe in cases when one does not have paging frame at every radioframe i.e. e.g with [image: image10.png]


value 10 CSI-RS will occur at subframe 5 every radioframe. 

But in addition CSI-RS configuration is very flexible to take into radioframes in use which are not used for paging and thus even subframe 0 can be utilized if paging does not occur every radioframe. For example with nB=T/2 paging occurs at SFN=0,2,4,6,… and with[image: image11.png]


value 25 the CSI-RS subframe will occur at subframe 0 at SFN 1,3,5… and thus no collisions will occur.

So in our understanding we can confirm that CSI-RS configuration can be done even for TDD in such a way that it does not collide with paging.
Observation: Even for TDD it is possible to configure CSI-RS not to collide with paging subframes
Proposal 1: Do not specify any additional signalling or changes, as the network can configure CSI-RS subframes not to collidate with paging subframes for FDD and TDD in any feasible scenario.
3
Conclusions

We analysed in this paper a possibility for network to configure CSI-RS subframes not to collide with paging and it seemed to be possible, thus there is no need to introduce behaviour in the UE that autonomously avoids usage of some CSI-RS subframes due to paging and thus making UE performance more reliable and RAN4 performance requirement definition work easier as they don’t need to consider not optimal CSI-RS subframe amounts in their work
Proposal 1: Do not specify any additional signalling or changes, as the network can configure CSI-RS subframes not to collidate with paging subframes for FDD and TDD in any feasible scenario. 
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