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DLMC - Managing the increased risk of blocking for mobile stations in multicarrier mode
1 Introduction

With increased use of smart phones and the introduction of mobile broadband, supported by HSPA and LTE, the need for high data rate and seamless end-user experience between RATs is becoming more apparent in cellular systems. To cater to this demand the cellular systems are continuously evolving. The GSM system has evolved from GSM to GPRS to EDGE to the feature package GERAN evolution, specified in Rel-7. 

At GERAN#55, a new Work Item [1] was agreed to evolve the Downlink Dual Carrier feature, part of the GERAN Evolution feature package, into a Downlink Multicarrier feature, to enable support for more than two carriers on the DL, while at the same time reducing terminal cost. The WI focuses on layer 2 aspects of DL multi-carrier transmission but also includes relaxation of MS RF requirements, especially in-band blocking.

To support the feature, a wideband MS receiver (dual or tri-mode terminal) that envelope multiple carriers is assumed. However, a wideband MS receiver is more susceptible to blocking. In this paper, we discuss how this effect can be mitigated. 

2 Consequences of blocking
A mobile in multicarrier mode may be more susceptible to blocking interference from other than the serving base station due to the wide receiver architecture. As has been discussed before in [2], blocking is not expected to be a common situation on network level but in certain small areas we should expect a higher degree of blocking, see figure 1. Assuming an inband blocking level of ‑53 dBm [3], we see that for the two worst cells the blocking level is exceeded for more than 50% of the recordings. 

[image: image1.png]CcOF

09

08

07

Netwark 1 -average
— = Network 2 - average
Netwark 1 -best cell
—— Network 2- hest cell
Netwark 1 - varst cell
— — Network 2 worst el

08

05

04

03

02

0

0
o

=i

Er a0

RxLev DL [dBrm]

0



 Figure 1: Comparing RxLev DL for two networks. Network 1 corresponds to NW1 in [2]

So it is important to consider the implications of this extra source of interference. For instance, a mobile with low signal strength could possibly end up with insufficient C/N to maintain the packet control signaling, such as PUANs, USFs and polls for PDAN. The network would then have no means by which to maintain the connection and the TBF would eventually be released. Similarly for speech services, BSS paging coordination would not have the same performance. Since it has been stated in the WI objective to avoid any impact to speech services we see this as an important problem to address. 
3 Discussion
One principle of the radio receiver specification is to ensure that the receiver can handle uncoordinated interference from another operator/system. This is typically dealt with by having various requirements on RF characteristics, such as receiver blocking. The signal level of the interference should be selected to be able to handle the highest expected signal level from other operators/systems, in which case the probability of having a blocked MS is very low. However, for the multicarrier DL feature we assume a wideband receiver, and this architecture cannot fulfill the strict requirements of the legacy narrowband receiver. So for the DLMC feature, the probability of blocking will increase. A blocked receiver will experience increased internal noise, effectively reducing the C/N, resulting in worse performance or possibly a lost connection.
The network protocols may experience MS blocking in such a way that the MS will no longer respond to polls and USFs, that the PDAN only acknowledges a small part of the transmitted blocks, that the reported quality is poor or other similar indicators of a degraded DL while having an unaffected UL. 
Since the blocked mobile in multicarrier mode may have difficulty to communicate with the network, we see the most practical solution to be that the packet service should rely on the single-carrier mode, since it needs to be supported anyway.

However, it may be difficult to reliably detect whether a mobile is blocked or has moved to poor radio conditions, i.e. distinguishing between MS RF self-interference and received on-air co-channel interference. If we consider a situation with strong on-air interference, reverting to single-carrier mode will not help. The likely already low throughput would be reduced even further without improvement of the interference situation. This could degrade the potential cell edge throughput which is seen as a promising part of the DLMC feature.

It is not seen to be practical to introduce requirements on the MS to identify RF self-interference since this may e.g. require enhanced communication between RF parts and digital processing units, but input from MS chipset vendors is appreciated on this issue. 
Another approach could be to alternate between the single- and multicarrier modes to compare performance and quality measures and based on this identify RF self-interference. However, a MS in single-carrier mode would not be able to receive multiple carriers so this would degrade throughput. Minimizing the ratio of single- to multicarrier mode operation would maximize throughput but make it difficult to make a reliable decision on interference source.

So while it is difficult to accurately identify blocking situations we still see a need to ensure that the MS/network can communicate with the network/MS to trigger the use of single-carrier mode when a blocking situation has occurred.
4 Proposal
A possible straight-forward approach would be to make the MS briefly visit single-carrier mode at a regular interval. This would ensure that the network and MS always have a reliable channel for control signaling where the network and MS could negotiate whether the single-carrier or multicarrier mode is most suitable. The interference source would still be largely unknown, but it would still be possible to ensure that for the rare cases when blocking can occur, performance is always at least as good as for legacy operation.
Figure 2 shows how this could look if we base the regular interval on the 52 multiframe. One of the radio blocks in the multiframe would be received in single-carrier mode while the rest would be received in multicarrier mode.
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Figure 2: The 52-multiframe. X = Idle frame, T = Frame used for PTCCH, B0 – B11 = Radioblocks

As an example, we can consider a blocked mobile in DL Packet Transfer Mode. It would likely stop responding to polls and USFs and the network would take this an indication that something is wrong (low signal strength, removed battery or maybe blocked). Before releasing the TBF, the network could wait until the mobile is known to return to single-carrier mode. At this point the network could either make another poll for PDAN or attempt to assign the mobile single-carrier only resources. If that does not help, the network could proceed to release the TBF as would have been done in legacy operation.
Similarly for paging tasks, the network could wait until it is known that the mobile is in single-carrier mode before paging. This would ensure that the response rate is as good as for legacy operation.
4.1   When to fallback

To use single-carrier mode for one radio block in every 52 multi frame is not expected to significantly affect the throughput performance of the multicarrier feature. Table 1 shows an estimation of the relative throughput after enabling single-carrier fallback, tabled for number of carriers and fallback interval, assuming that resources are assigned evenly distributed over the carriers. It can be seen that the relative throughput is good in all cases. It should also be remembered that the unused resources can be scheduled to other users.
Table 1: Maximum throughput depending on the number of carriers and fallback interval.

	
	Throughput [%]

	
	Number of carriers

	Fallback interval (once per number of 52-multiframes)
	1
	2
	3
	4

	1
	100,00%
	95,83%
	94,44%
	93,75%

	2
	100,00%
	97,92%
	97,22%
	96,88%

	3
	100,00%
	98,61%
	98,15%
	97,92%

	4
	100,00%
	98,96%
	98,61%
	98,44%

	5
	100,00%
	99,17%
	98,89%
	98,75%

	6
	100,00%
	99,31%
	99,07%
	98,96%

	7
	100,00%
	99,40%
	99,21%
	99,11%

	8
	100,00%
	99,48%
	99,31%
	99,22%

	9
	100,00%
	99,54%
	99,38%
	99,31%


However, we can only schedule unused resources to other mobiles if they do not fall back to single-carrier mode in the same radio block period Doing so may also congest the control signaling resource that we want to safe guard and lead to the increased probability of a TBF being released. Therefore it would be useful to assign some spreading frame offset to the individual MSs that are assigned overlapping timeslots.

To ensure reception of all dedicated signaling for a mobile station in packet transfer mode it is proposed that both a regular interval on the PDTCH channel for single carrier reception is specified and that, if contiguous timing advance is used, single carrier reception is always used on the PTCCH/D frame. 
Further to ensure correct reception of neighbor cell information/system information and measurements on serving and neighbor cells, it is also proposed to use single carrier mode in each Idle frame of the 52 multiframe. This will ensure that we do not need to reconsider mobility related requirements of TS 45.008, since we have the same risk of measurement degradation due to blockers as for legacy operation. 
4.2   Where to fallback

It needs to be decided which of the multiple carriers that shall be used for single-carrier mode. In [4] a carrier priority list is discussed to determine what carriers to receive when faced with limited Rx BW. It is proposed to follow this principle and select the carrier with the highest priority for the single-carrier fallback.

4.3   Signaling

A fallback interval of the 52-multiframe and a starting block in the 52-multiframe can to be communicated to the mobile in different ways:

A proposal is outlined below to have an implicit signaling where the starting frame is based on IMSI derived similarly as the paging group. The interval is based on BS_PA_MFRMS. 

According to TS 45.002, the paging group is derived as:

PAGING_GROUP (0 .. N‑1) = ((IMSI mod 1000) mod (BS_CC_CHANS x N)) mod N

Where N is the number of paging blocks available on one CCCH = (number of paging blocks "available" in a 51-multiframe on one CCCH) x BS_PA_MFRMS and BS_CC_CHANS is the number of CCCHs on the BCCH frequency.

Using an analogous approach for this functionality (assuming BS_CC_CHANS=1 since we only use one carrier), we get:

SINGLECARRIER_FALLBACK_GROUP (0 .. N‑1) = ((IMSI mod 1000) mod N 
Where N is the number of radio blocks available during one fallback interval = (number of PTDCH blocks per 52-multiframe)  x BS_PA_MFRMS = 12 x BS_PA_MFRMS
The MS will find its single carrier mode radio block in the 52-multiframe that occurs when: 
SINGLE_CARRIER_FALLBACK_GROUP div (N div BS_PA_MFRMS) = (FN div 52) mod (BS_PA_MFRMS)
The benefit of this approach is that no new signaling is needed. The expected time it would take to contact a blocked mobile would be similar to the time it would take to page it (max 2.16 s). However, one could argue that the network could benefit from more frequent access to single-carrier mode for increased awareness of MS performance in order to avoid wasting radio resources (i.e. to terminate continued operation in DLMC mode as quickly as possible whenever blocking conditions are experienced). A smaller fallback interval should not adversely affect throughput, as can be seen in table 1. 
Further discussion on the topic is invited.
5 Conclusions
This paper discusses a potential problem related to the increased possibility of blocking of mobile stations in multicarrier mode and suggests that reverting to single-carrier mode will be beneficial for these situations. 

Since it is difficult to accurately identify blocking situations when a switch to single-carrier mode would improve the aggregated interference situation and since conservative use of multicarrier mode degrades throughput, a solution is proposed wherein the mobile falls back to single-carrier mode at a regular interval to provide a reliable signaling channel. 

A possible alternative on how to signal the single carrier fallback are outlined based on multiples of the 52-multiframe together with a starting frame within. Discussions in GERAN are encouraged on the preferable signaling option for this type of functionality.
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