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1. Introduction
It has been argued in [1] that when CS voice service is operated over HSPA, there is a potential for HFN ambiguity after 2560ms of no reception. However, [2] demonstrates that this does not match with the experience in the field.
In [3] it has been argued that the operation of UL DTX (CPC) with CS voice service could prolong the detection of RL failure. However, this seems irrelevant for UL DTX shall always be interrupted for ACK/NACK feedback and UL data transmission.

This paper attempts an enquiry into the worst case scenario for RLF detection. It also presents a UE-centric approach which could address this potentially rare event.
2. Discussion
The Appendix A discusses all the possible reasonably worst combinations. The actual time taken for an RLF detection with CPC enabled and active is found to be within a range of 3.4-4.7 seconds and normally always less than 4 seconds. This is not materially different from the legacy figure.
It is known that the HFN ambiguity cannot occur before 2560ms of no-reception. However, the AMR encoder always transmits at least one PDU (SID) every 160ms. So the dis-ambiguity could be extended by 2560/160 * 20ms = 320ms and further by 320/160 * 20ms = 40ms. 
The UM RLC receiver could simply keep incrementing its RLC SN every 160ms of no-reception. This is a UE-centric fix exclusively applicable for this scenario. There could be alternative ways to implement it and there is no proposal to specify or prefer one over another.
So it is obvious that  a receiver inactivity of 2.92 seconds is perfectly tolerable even when 100% user activity is assumed in the downlink.
As pointed out in [2], even with the 100% normal talking, the actual AMR activity does not exceed 80%. So even in the extreme case, a receiver inactivity of 3.4-3.5 seconds should be tolerable.
This is quite close to the RLF detection time and larger than the normal lower-range value. The worst case difference is 1.3 seconds for the extreme case. For the normal case of 40%-60% user activity the problem will be never seen.
Therefore, it can be safely concluded that the prolonged silence does not offer any interesting problem that especially needs to be solved at RLC layer. The L1 RLF detection is sufficient to address the issue.
3. Proposal
Proposal: There is no need to specify a new mechanism to address the issue of long period of no-reception in case of CS voice over HSPA service.
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5. Appendix
Detection of Radio Link Failure:

	8.5.6 [25.331]
In CELL_DCH state, after receiving N313 consecutive "out of sync" indications from layer 1 for the established DPCCH or F-DPCH physical channel in FDD, and the physical channels associated with mapped DCCHs in TDD, the UE shall:

1>
start timer T313;

1>
upon receiving N315 successive "in sync" indications from layer 1 and upon change of UE state:

2>
stop and reset timer T313.

1>
if T313 expires:

2>
consider it as a "Radio link failure".


Let us assume that the “out of sync” indications from L1 are spaced, on an average, Z ms apart. This means that the RLF detection shall happen T = (T313 + N313 * Z / 1000) seconds after the first “out of sync” indication. The default value of T313 is 3. The default value of N313 is 20.

Indication of “Out of Sync”:

	4.3.1.2 [25.214]

Out-of-sync shall be reported using the CPHY-Out-of-Sync-IND primitive if any of the following criteria is fulfilled:

-
UL_DTX_Active is FALSE (see section 6C) and the UE estimates the DPCCH quality or the quality of the TPC fields of the F-DPCH frame received from the serving HS-DSCH cell over the previous 160 ms period to be worse than a threshold Qout. Qout is defined implicitly by the relevant tests in [7].

· UL_DTX_Active is TRUE (see section 6C) and the UE estimates the quality of the TPC fields of the F-DPCH from the serving HS-DSCH cell over the previous 240 slots in which the TPC symbols are known to be present to be worse than a threshold Qout. Qout is defined implicitly by the relevant tests in [7].


When UL_DTX_Active is FALSE:

The DPCCH is transmitted in all slots. The indications shall begin after 160ms of deteriorated channel condition and continue every slot. 

Therefore, Z = 2/3 ms and T = 3 + 0.16 + 20 * 2 / 3 / 1000 = 3.173 seconds.

When UL_DTX_Active is TRUE:

The UL DPCCH is transmitted only when either E-DPCCH/E-DPDCH or HS-DPCCH is transmitted in the uplink. A minimum of 6 UL DPCCH transmissions (minimum value of UE_DTX_long_preamble_length = 2 + 3 slots of TTI + 1 slot of “postamble”) take place per transmission of E-DPCCH/E-DPDCH or HS-DPCCH.

	6C.2.2.2 [25.214]

... if there has not been any E-DCH transmission for the last Inactivity_Threshold_for_UE_DTX_cycle_2 E-DCH TTIs, and if a UE will start a transmission of E-DPCCH and E-DPDCH on a E-DCH TTI, the UE shall start the DPCCH transmission UE_DTX_long_preamble_length slots prior to the E-DCH TTI and continue the DPCCH transmission during the E-DCH TTI and consecutive E-DCH TTIs and 1 slot after the last consecutive E-DCH TTI.


	6C.2.2.3 [25.214]

If a UE will start a transmission of HARQ-ACK, the UE shall start the DPCCH transmission 2 slots prior to the DPCCH slot that coincides with or overlaps the start of the HARQ-ACK field, unless the HARQ-ACK transmission is an HARQ Preamble (PRE) in an HS-DPCCH sub-frame n – 2 as defined in subclause 6A.1.1. The UE shall continue the DPCCH transmission during the HARQ-ACK field and until the end of the first full DPCCH slot after the end of the HARQ-ACK field...


100% DL activity:

The current analysis assumes that there is continuous data transmission in the DL (which is all lost on the way). Therefore, it can be safely assumed that there will be at least 6 slots of UL DPCCH transmission in every 20ms. 

Therefore, Z = 20/6ms = 10/3ms and T = 3 + (240 + 20) * 10 /3 / 1000 = 3.867 seconds.

However, since it is also assumed that the data is lost, a retransmission is almost a certainty – taking this figure down to 3.433 seconds.

It should be noted that if the AMR activity level (assumed to be 100% here) is less, there will less frequent DPCCH transmissions. However, this will be proportionately, if not more, compensated by the reduced increment of RLC SN.
50% UL activity:

Even if it is assumed that the DL traffic never reaches the UE (i.e. not even HS-SCCH is decoded triggering HS-DPCCH), the user activity on the UL will still cause many a UL DPCCH transmissions. In real life terms, the user cannot be expected to keep quiet when, all of a sudden, there is no sound from the receiver.

Assuming a 50% activity and no error in the uplink (very unlikely when the downlink is this bad), there should be on an average one E-DPCCH/E-DPDCH transmission per 40ms i.e. 6 slots of UL DPCCH transmission in every 40ms.

Therefore, Z = 40/6ms = 20/3ms and T = 3 + (240 + 20) * 20 /3 / 1000 = 4.733 seconds.

Assuming retransmissions on the uplink and (or) a higher user activity – more probable with a quiet receiver – this time will get reduced to a more reasonable 3.433 (3.867) seconds.
