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1
Summary
The purpose of this contribution is to investigate the impact of PRS onto Paging subframes, i.e. subframes that can contain PDSCH carrying PCH, which is one of the items flagged for further investigation in the latest R9 draft CR introducing support for OTDOA-based UE Positioning [1].
In consequence of several investigated Paging/PRS scenarios in this contribution, we propose to adhere to the principle of eNB scheduling flexibility such that the eNB can choose whether to transmit a PDSCH carrying PCH or not even in RBs in those subframes that would be allocated to PRS. This is opposed to the other possible option, mandating that any PDSCH, including PDSCH carrying PCH is always pre-empted by PRS in those subframes and RB’s that are allocated for PRS.

2
Introduction
The work item for LTE positioning support was agreed in the Dec ‘08 RAN Plenary meeting #42 [1] with an objective to define one single DL terrestrial positioning method similar to OTDOA in UTRA. During the Jan ‘09 RAN1#55bis to May ’09 RAN1#57bis meetings, OTDOA performance was extensively studied.

In the June ‘09 RAN1#57bis meeting, two R9 draft CR’s for 36.211 and 36.214 were presented in [1] and [2] that document the current working assumptions with respect to the UE Time Difference measurement, its reporting range, the PRS design, the placement of PRS into either normal data subframes or into MBSFN-reserved subframes, and configuration of positioning subframes and associated signalling support in terms of number of occurrences.
According to [1], PRS are transmitted from the new antenna port 6. PRS transmission will be pre-empted in RE’s allocated to PBCH, PSS or SSS, i.e. those channels / physical signals will be transmitted but not the PRS.

The RAN1 working assumptions for PRS design is that PDSCH transmissions occurring in RB’s allocated to the PRS will be pre-empted by the PRS, i.e. PRS will be transmitted in those RB’s but not PDSCH.
Note that as a function of the allocated PRS measurement bandwidth (which can be le less than the available system bandwidth), only some or all available RB’s in a PRS subframe can become unavailable for PDSCH transmission.
One of the questions still left open in the draft CR to 36.211 [1] is how to deal with PRS transmissions in particular when the PDSCH carries Paging Channel or SIB1/2 system information.

Editor’s note: Handling of PDSCH and PRS in same resource blocks should be described here. The PRS performance versus the paging, SIB and DRX performance need to be further considered.

While OTDOA measurements are only supported by UE’s in RRC_CONNECTED state, PRS transmission by the eNB will impact transmission of PDSCH carrying PCH even for UE’s in RRC_IDLE. This is because when PRS pre-empts PDSCH carrying PCH, both RRC_CONNECTED and RRC_IDLE state UE’s in that cell won’t receive the PCH (or that particular Paging Opportunity carried therein).
While a R9 UE supporting OTDOA Positioning will learn about the PRS configuration, legacy R8 UE’s or R9 UE’s not supporting OTDOA will be un-aware about the presence of PRS in those subframes / RB’s where PRS transmission by the eNB pre-empts PDSCH.
It is assumed in this contribution, that whenever the configured PRS measurement bandwidth is smaller than the system bandwidth, the eNB scheduler can choose to map the PDSCH carrying PCH into RB’s not used for PRS in that subframe. This option is clearly available for large system bandwidths such as 20 MHz.

However, this is not an option for system bandwidths such as 5 MHz (or maybe even 10 MHz). In these cases, when PRS is allocated to paging subframes, some or all Paging Occasions will be blocked. The question is how many, and if there is enough redundancy built into the Paging Cycles for the network to still reach UE’s.
In this contribution, we provide an overview of the R8 LTE paging mechanism and the consequences of PRS transmissions in terms of the UE monitoring Paging Opportunities in RRC_IDLE and RRC_CONNECTED states.

3. Paging Occasions in LTE
In LTE R8, UE’s periodically monitor the PDCCH for DL assignments on the PDCCH masked with a P-RNTI (Paging RNTI) both in RRC_IDLE and RRC_CONNECTED states.

When such a DL assignment using the P-RNTI is detected, the UE demodulates the assigned PDSCH RBs and decodes the Paging Channel (PCH) carried on that PDSCH.
In RRC_IDLE, a UE monitors the Paging Channel to detect incoming calls and system information changes. In addition, ETWS capable UE’s will also monitor the Paging Channel for ETWS notifications.

In RRC_CONNECTED, a UE monitors Paging Channel and System Information Block 1 (SIB1) contents to detect system information change, and for ETWS capable UEs, ETWS notifications.

In RRC_IDLE, the specific Paging Frame (PF) and subframe within that PF, called the Paging Occasion (PO), that the UE monitors within the Paging Channel are determined based on the UE ID and two other parameters specified by the network:

- Paging Cycle length (in frames)
- Number of paging subframes per paging cycle
For Paging Cycle length, the UE uses the smaller of the cell-specific “defaultPagingCycle” or the NAS UE-specific value.

These Paging Occasions can include pages specifically for the UE, or they can contain system information change pages directed towards all UEs.

From the network perspective, there may be multiple PFs per paging cycle and multiple PO’s within a PF, i.e. more than one sub-frame per paging cycle may carry PDCCH masked with a P-RNTI. From the UE perspective, any given UE is only required to monitor one PO per paging cycle, and this PO is determined by the parameters specified above, provided to the UE via system information and/or dedicated signaling info.

In RRC_CONNECTED, the UE only receives pages related to system information change, i.e. it does not receive UE-specific pages such as used, for example, for an incoming call. Therefore, a UE in RRC_CONNECTED does not need to monitor any specific PO; it simply must try to receive pages at the same rate as a UE in RRC_IDLE using the cell-specific paging cycle.

This rate is determined by the SIB2 parameter “modificationPeriodCoeff” with admissible settings 2, 4, 8, and 16. The network will send system information change pages on all PO’s during a modification period of length modificationPeriodCoeff*defaultPagingCycle.

A UE in RRC_CONNECTED state must only look at a total of “modificationPeriodCoeff” PO’s during that modification period, but it can look at any of the PO’s since they are identical in the case that the network is actually sending system information change pages.

A UE in RRC_CONNECTED STATE must also check SIB1 during these periods to see if any value tags have changed and since not all system information changes are signalled via the Paging Channel.
The network specifies the Paging Cycle (or, DRX cycle) as a number of ‘T’ frames. The cell-specific Paging Cycle is sent in System Information Block 2 (SIB 2). There can also be a NAS UE-specific value. A UE in RRC_IDLE state selects the smaller of these two. For both the cell-specific and the UE-specific paging cycles, the range is 32 to 256 frames in powers of 2.

The network specifies the number of paging subframes per paging cycle as ‘Nb’. The range is from 4*T down to T/32 (in multiples of ½).
The UE then derives its PF and PO.

PF is given by: SFN mod T = (T div N)*(UE_ID mod N)

Where,
N = min (T, Nb) (Note that N will never be greater than T, but can be as small as T/32)
UE_ID is IMSI mod 4096

To determine the specific PO within the PF, the UE calculates an index ‘i_s’ into a subframe pattern table specified in TS 36.304. Note that the tables are different for FDD and TDD.
i_s = (UE_ID / N) mod Ns

Where,

Ns = max (1, Nb/T) (Note that N can only be 1, 2 or 4. This is the number of PO subframes per PF.)
The range of i_s is 0 to 3, but it is restricted as a function of Ns. That is, when Ns = 1, i_s can only be 0; when N_s =2, i_s can only be 1 or 2; when N_s=4, i_s can be 0, 1, 2 or 3.

For FDD, the PO is limited to subframes 0, 4, 5 and 9:

FDD:

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

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


For TDD, the PO is limited to subframes 0, 1, 5 and 6:

TDD (all UL/DL patterns):

	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


4
Conflicts between Paging and PRS occurrences
The PRS to be used by the UE for positioning purposes can be contained in either normal subframe(s), or in MBSFN subframes. The PRS bandwidth, or number of RB’s occupied by the PRS, is configurable, e.g. up to the system bandwidth in a subframe (and with the number of possible configurations to be determined).

Positioning subframes will occur periodically, with cell-specific subframe period, TPRS, configured by higher layers and taking on values of every 160, 320, 640 or 1280 subframes. More than one positioning subframe allocation may be needed by the UE to accumulate enough energy to get one measurement sample for one or more specific neighbors. Therefore, accumulation mode for the PRS supports PRS transmission in NPRS consecutive DL subframes, where NPRS is configured by higher layers. Values of 1, 2, 4 or 6 consecutive subframes have been proposed. The signalled positioning configuration index [1] IPRS will encode both the periodicity and the subframe offset (starting position) of the PRS pattern.
In RRC_IDLE, a UE will only have one PO per DRX cycle. From the network, perspective, however, there are multiple paging frames (PF) and potentially multiple paging subframes per paging frame (the POs to the UEs).
Based on the parameters, T and Nb, chosen by the network, there can be a minimum of one PF every 32nd frame to a maximum of one PF every frame (i.e., every frame is a PF) and a minimum of one PO (paging subframes) per PF to a maximum of 4 POs per PF.
The ideal scheduling by the eNB for the PRS would be to avoid conflict with the paging subframes to prevent the possibility of blocking any UE’s POs completely. When the values of the paging parameters closer to the minimums are chosen, the likelihood of blockage by PRS is low. When the values closer to the maximums are chosen, the likelihood of blockage is high.
The following 3 examples contain example configurations. Red font in examples 2 and 3 denotes which parameter has changed compared to example 1 (and what consequences arise out of that). Examples 1 and 2 are cases where there is no resulting conflict between Paging and PRS assignments. Example 3 is a case where such a conflict occurs. Blue boxes show occurrences of Paging Opportunities. Red boxes show occurrences of PRS subframes.
Example 1: Paging is T=128 and Nb=T/4=32, PRS is TPRS=32, NPRS=6, 
[image: image1.wmf]PRS
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= 103
This corresponds to one PF every 4 frames with 1 paging subframe (PO) in each PF. In FDD, the PO occurs in subframe 9 of each PF. The PRS subframe offset is 103. This results in the PRS beginning in subframe 3 of frame 10, subframes 3-8 containing PRS, and this pattern repeating every 32 frames.
Clearly, this Paging configuration results in no impact by the PRS. No subframe containing PRS will ever coincide with a subframe containing PDSCH carrying PCH. All UE’s, including the UE’s in RRC_IDLE will receive their PO occurrences as before even when PRS is configured.
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Figure 1: Sparse paging configuration (T=128 and Nb=T/4=32)
Example 2: Paging is T=128 and Nb=T=128, PRS is TPRS=32, NPRS=6, 
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This corresponds to one PF every frame with 1 paging subframe (PO) in each PF. In FDD, the PO occurs in subframe 9 of each PF. The PRS subframe offset is 103. This results in the PRS beginning in subframe 3 of frame 10, subframes 3-8 containing PRS, and this pattern repeating every 32 frames.
Clearly, this Paging configuration results in no impact by the PRS. No subframe containing PRS will ever coincide with a subframe containing PDSCH carrying PCH All UE’s, including UE’s in RRC_IDLE will receive their PO occurrences as before even when PRS is configured.
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Figure 2: Medium density paging configuration (T=128 and Nb=T=128)
Example3: Paging is T=128 and Nb=4*T=512, PRS is TPRS=32, NPRS=3, 
[image: image5.wmf]PRS
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This corresponds to one PF every frame with 4 paging subframes (PO) in each PF. In FDD, the PO occurs in subframes 0, 4, 5 and 9 of each PF. The PRS subframe offset is 106. This results in the PRS beginning in subframe 6 of frame 10, subframes 6-8 containing PRS, and this pattern repeating every 32 frames.
Clearly, there is an impact of PRS onto Paging. Because of the density of the POs, PRS accumulation time can no longer be 6 subframes without conflicting with some of the PO’s. Depending on the UE ID, a given single occurrence of a PO will be monitored. If this PO is blocked by PRS, all UE’s in RRC_IDLE whose UE ID maps into that PO will always be blocked from receiving pages.
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Figure 3: High density paging configuration (T=128 and Nb=4*T=512)
While examples 1 and 2 clearly show that there is Paging configurations that in conjunction with PRS won’t be impacted, Example 3 also illustrates that there are cases of conflicting Paging/PRS configuration with consequence that some UE’s in RRC_IDLE state are completely blocked from receiving the PCH. This is mainly due to UE’s in RRC_IDLE decoding against a single PO (but UE’s in RRC_CONNECTED decoding against multiple PO’s) in a paging (DRX) cycle.

Note again that above is subject to the available system bandwidth versus required PRS measurement bandwidth in the cell, i.e. ability by the eNB to allocate a PDSCH carrying PCH in Paging subframes #0, #4, #5 and #9  to RB’s not used for PRS in those subframes.
Generalizing above example configurations, conflicting Paging/PRS configurations result for UE’s in RRC_IDLE if all of the following conditions are met.
1.
 The PRS periodicity is less than or equal to the Paging Cycle (i.e., the minimum of the Cell-specific or the UE-specific paging cycles)

2.
Any of the frames containing PRS correspond to the UE’s PF

3.
Any of the subframes used for PRS correspond to the UE’s PO subframe
The consequence is that some UE’s in RRC_IDLE state are always “blocked” from receiving all of their paging occasions.

In addition, conflicting Paging/PRS configurations result for UE’s in RRC_CONNECTED state if all of the following conditions are met.
1.
The PRS periodicity is less than or equal to the Cell-specific Paging Cycle

2.
Any of the frames containing PRS correspond to any PF

3.
Any of the subframes used for PRS correspond to any PO subframes

The consequence is that a soft degradation of paging performance is experienced by some UE’s in RRC_CONNECTED state. This is because some (but not necessarily all) of their available paging occasions are blocked by PRS while multiple PO’s per PF are available for a successful decode.
5
Conclusions and Recommendations
In order to deal with simultaneous occurrence of PRS and PDSCH in subframes for the support of OTDOA positioning measurements, PDSCH cannot be carried in RB’s allocated to PRS.

In case PRS measurement bandwidth is less than system bandwidth in a subframe, only the subset of RB’s allocated to the PRS will pre-empt PDSCH transmissions. This in principle allows the eNB scheduler to transmit PDSCH carrying PCH (or BCH SIB1/2) on RB’s not allocated to PRS in subframes #0, #4, #5, #9.

However, any time the PRS measurement bandwidth is equal to the system bandwidth, cases are to be expected when PRS configured subframes will overlap with subframes carrying PCH. If PRS was to pre-empt any PDSCH, i.e. including PDSCH carrying PCH, all UE’s in RRC_IDLE decoding their single PO in that impacted subframe would be blocked, while some soft performance degradation would occur for UE’s in RRC_CONNECTED decoding one of their PO’s against that impacted subframe.
Therefore, we propose to adhere to the principle of keeping eNB scheduling flexibility such that the eNB can choose whether to transmit a PDSCH carrying PCH or not even in RBs in those subframes that would be allocated to PRS. This is opposed to the other possible option, mandating that any PDSCH, including PDSCH carrying PCH is always pre-empted by PRS in those subframes and in RB’s that are allocated for PRS.

We propose to endorse the following assumption for future work to support PRS and/or positioning subframes,

Proposal 
· The eNB may or may not choose to transmit PDSCH carrying PCH in Paging subframes and in RBs that are allocated for the PRS, i.e. PDSCH carrying PCH may pre-empt PRS.
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