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1. Introduction
The general need for a mechanism to disperse UEs across frequencies at the end of an MBMS point-to-multipoint session has been agreed in principle.  This document considers the two general approaches to a solution that have been suggested and proposes a way forward incorporating elements of both.
2. Discussion

Previous discussions on the mechanism for frequency dispersion have produced two basic types of solutions.  In one model, a pseudorandom or hash function is used to ensure even distribution of UEs across the available frequencies; in the other, the Release ’99 cell reselection algorithm is invoked directly, perhaps with certain parameters modified or ignored, to encourage UEs to reselect to a “sufficiently good” cell in accordance with the operator’s management of the network.
2.1. The “hash function” approach

In the “hash function” family of solutions, as proposed in [1] and [2], a UE that has been instructed to perform dispersion applies some function whose values are reasonably evenly distributed to choose among the available frequencies.  Previous discussions established that if this mechanism is used, the specific function will be left to the UE implementation.  The UE then tunes to the chosen frequency and attempts to reselect to the best available cell on that frequency.
For purposes of this document, we use the term “hash function” to refer to any flat-distribution function of this sort, with the understanding that the actual function is left to the UE implementation (and may not precisely be a hash function in the usual technical sense—e.g., a pseudorandom function).

Advantages:

· Computationally simple

· Balanced distribution essentially guaranteed

Disadvantages:

· No consideration of cell quality; UEs may choose a “bad” frequency and have to re-reselect at once

· Does not take into account settings such as Qoffset (network may not want frequencies balanced)

· Does not handle the HCS case well

2.2. The “Release ’99” approach

The basic “Release ‘99” solution to the dispersion problem consists essentially in viewing dispersion simply as another cause for cell reselection; when instructed to perform dispersion, the UE applies the usual R’99 reselection rules.  However, the results are not entirely satisfactory, since the reselection procedure intentionally favours the current serving cell; unless there is a markedly better cell on another frequency, UEs will tend to camp where they are, defeating the purpose of dispersion.
A more sophisticated version of this procedure might involve disregarding certain parameters (such as Qhyst) to decrease the “stickiness” of the serving cell.  In this case, however, each UE would essentially rank the available cells and reselect to the best one; if one frequency were slightly better than others for a large cluster of users (e.g., because of non-collocated transmitters, lower power allocation for traffic on certain frequencies, or an existing imbalance causing different interference levels), all those UEs would select the same cell at once, ignoring cells on other frequencies that are nearly as good.  (In normal cell reselection, the distribution of selection procedures in time has a load-balancing effect that avoids this problem; as more UEs accumulate on a particular cell, that cell becomes less attractive to future UEs because of increased interference.  This self-correcting behaviour breaks down when many reselections happen too quickly for UEs to measure and react to the changing levels—precisely the situation in which frequency dispersion needs to work best.)
Advantages:

· Easy implementation due to using existing procedures

· Respects reselection parameters (except those that have to be ignored to achieve balance)

Disadvantages:

· “Standard” R’99 procedure will not achieve good dispersion

· Not clear how to tune parameters for good results

· Concentration in time prevents dynamic load balancing from working well

3. Proposal

This section proposes a hybrid of the two basic solutions already discussed.
3.1. Basic proposal

We suggest that the UE should combine the hash-function and R’99 solutions by choosing a frequency (on which the UE is aware of neighbour cells from the information in SIB11/12) via a hash function, not reselecting to a cell on that frequency, but performing the R’99 reselection procedure as if it had moved to the new frequency.  That is, the UE first chooses a frequency (on which it is aware of the existence of neighbouring cells), then modifies the reselection parameters to match those of the best cell on the chosen frequency, and only then performs an actual reselection.
The net effect is that the UEs disperse evenly across frequencies, but before engaging in any uplink activity that burdens the system, they determine what cell they “should” be reselecting to according to the usual criteria.  The preference of the R’99 reselection for the current serving cell means that UEs will “try” to stay on the frequency indicated by the hash function, but if that frequency is of poor quality or has high values of Qoffset to repel traffic, they will move away accordingly.

To modify the reselection parameters, the UE needs to read SIB3/4 and SIB11/12 from (the best cell on) the hashed frequency (for Qhyst and Qoffset, respectively).  Thus the detailed process is as follows:

1) UE instructed to perform dispersion

2) Choose a frequency F using a hash function

3) Rank the cells on F and select the best cell C
4) Read SIB3/4 and SIB11/12 from C
5) Replace the values of Qoffsets,n, Qhysts, Qhcss, and Qmeass with the equivalent values from C
6) R’99 cell reselection procedure
Note that, for a cell n that is not a neighbour of C, the value of Qoffset will not be available in step 5.  On the other hand, for a cell that is not a neighbour of the original serving cell, the UE will not have available the measured value Qmeas.  As a result, the reselection procedure of step 6 can only result in reselection to a cell that is a neighbour of both the original serving cell and C (or to one of these cells themselves).  Since different UEs will choose different cells for the rôle of C, this effect should balance in the aggregate.
Note that no special handling for the HCS case is needed; the existing HCS parameters for reselection act as usual to make the UE behave correctly.

3.2.  Alternatives

This section describes some possible alterations to the basic proposed behaviour.
3.2.1.  Alternative 1: “Camp Immediately”

If the cell C chosen in step 3 is a suitable cell, the UE could camp on it immediately, avoiding the rest of the procedure.  In essence, this version of the proposal is the “hash function” approach of Section 2, with the UE constrained to choose a suitable cell.  The implicit assumption is that any suitable cell will be “good enough” in practice for camping.

If C is not suitable, the UE could either proceed directly to R’99 reselection, or attempt to read the SIBs and carry out the rest of the procedure.
3.2.2.  Alternative 2: “Symmetric Parameters”

It seems likely that in many networks, the values of Qhyst and Qoffset will not vary much from one cell to another.  In such a network, the UE could skip step 4 entirely, using the values of Qhyst and Qoffset from the current serving cell, under the assumption that the values from C would be close to these anyway.  In this case a mechanism would need to be provided for the UTRAN to indicate to UEs whether they should read the SIBs during dispersion; for instance, a flag could be included in the session end notification.
3.3.  Conclusion

We propose that dispersion should proceed by some version of the proposed behaviour.  The included draft CRs describe the basic form from Section 3.1, but could be modified to include alternative versions such as those discussed in Section 3.2 above.
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4.1. 11.3
Frequency layer Dispersion
Frequency Layer Dispersion (FLD) denotes the process where the UTRAN requests UEs to randomly re-select to the frequency layer according to their capability. This layer dispersion could be done by an additional MBMS frequency layer dispersion indicator (LDI). UTRAN can use LDI per MBMS session.

The LDI can be signalled to UEs by the CRNC after the session stop is received over Iu interface. The UEs shall take LDI into account whenever it is signalled on the MCCH.

For FDD, the FLD is applicable in Idle mode, URA_PCH, CELL_PCH and CELL_FACH states.

For TDD, the FLD is applicable in Idle mode, URA_PCH and CELL_PCH states.


When the UE is instructed to perform FLD, it applies a hash function to select a frequency from among those indicated in the neighbour cell information on the serving cell.  It then modifies the cell reselection parameters as if the best cell on that frequency were the serving cell, and performs cell reselection as specified in [9], with those modified parameters.
The choice of hash function is left to the UE implementation.  However, the function should be chosen to have a statistically flat distribution—i.e., a sufficiently large population of UEs should distribute their hash values among the available frequencies in approximately equal numbers.
The details of the mechanism are defined in stage 3.
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5.2.6.1.4
Cell Reselection Criteria

[This subclause will need material on the MBMS offset, expected as part of the FLC changes.]

The following cell re-selection criteria are used for intra-frequency cells, inter-frequency cells and inter-RAT cells:

The quality level threshold criterion H for hierarchical cell structures is used to determine whether prioritised ranking according to hierarchical cell re-selection rules shall apply, and is defined by:
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If it is indicated in system information that HCS is not used, the quality level threshold criterion H is not applied.
If the UE is performing frequency layer dispersion, the threshold criterion for the serving cell is defined by
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where v is the virtual serving cell as defined in Section 5.2.6.1.x.
The cell-ranking criterion R is defined by:
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, or in the case where the UE is performing frequency layer dispersion with virtual serving cell v, by:
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where:

the signalled value Qoffmbms is only applied to those cells (serving or neighbouring) belonging to the MBMS PL
where:
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TEMP_OFFSETn applies an offset to the H and R criteria for the duration of PENALTY_TIMEn after a timer Tn has started for that neighbouring cell.

TEMP_OFFSETn and PENALTY_TIMEn are only applicable if the usage of HCS is indicated in system information.

The timer Tn is implemented for each neighbouring cell. Tn shall be started from zero when one of the following conditions becomes true:

-
if HCS_PRIOn <> HCS_PRIOs and

Qmeas,n > Qhcsn


Or
-
if HCS_PRIOn = HCS_PRIOs and
-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH RSCP in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset1s,n

-
for serving FDD and neighbour FDD cells if the quality measure for cell selection and reselection is set to CPICH Ec/No in the serving cell, and:


Qmeas,n > Qmeas,s + Qoffset2s,n

-
for all other serving and neighbour cells:


Qmeas,n > Qmeas,s + Qoffset1s,n

Tn for the associated neighbour cell shall be stopped as soon as any of the above conditions are no longer fulfilled. Any value calculated for TOn is valid only if the associated timer Tn is still running else TOn shall be set to zero.

At cell-reselection, a timer Tn is stopped only if the corresponding cell is not a neighbour cell of the new serving cell, or if the criteria given above for starting timer Tn for the corresponding cell is no longer fulfilled with the parameters of the new serving cell. On cell re-selection, timer Tn shall be continued to be run for the corresponding cells but the criteria given above shall be evaluated with parameters broadcast in the new serving cell if the corresponding cells are neighbours of the new serving cell.
	Sn
	Cell Selection value of the neighbouring cell, (dB)

	Qmeas
	Quality value. The quality value of the received signal derived from the averaged CPICH Ec/No or CPICH RSCP for FDD cells, from the averaged P-CCPCH RSCP for TDD cells and from the averaged received signal level for GSM cells. The averaging of these measurement quantities are performed as specified in [10] and [11]. For FDD cells, the measurement that is used to derive the quality value is set by the Cell_selection_and_reselection_quality_measure information element.


Cell reselection parameters broadcast in system information are listed in subclause 5.2.6.1.5.

The cell selection criterion S used for cell reselection is fulfilled when:
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	Squal 
	Cell Selection quality value (dB)

Applicable only for FDD cells. 

	Srxlev
	Cell Selection RX level value (dB)

	Qqualmeas
	Measured cell quality value. The quality of the received signal expressed in CPICH Ec/N0 (dB) for FDD cells. CPICH Ec/N0 shall be averaged as specified in [10].

Applicable only for FDD cells.

	Qrxlevmeas
	Measured cell RX level value. This is received signal, CPICH RSCP for FDD cells (dBm), P-CCPCH RSCP for TDD cells (dBm) and the averaged received signal level as specified in [10] for GSM cells (dBm). CPICH RSCP, P-CCPCH RSCP and the received signal level for GSM cells shall be averaged as specified in [10] and [11].

	Qqualmin
	Minimum required quality level in the cell (dB). Applicable only for FDD cells.

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Pcompensation
	max(UE_TXPWR_MAX_RACH – P_MAX, 0) (dB)

	UE_TXPWR_MAX_RACH
	Maximum TX power level an UE may use when accessing the cell on RACH (read in system information) (dBm)

	P_MAX
	Maximum RF output power of the UE (dBm)


The UE shall perform ranking of all cells that fulfil the S criterion among

-
all cells that have the highest HCS_PRIO among those cells that fulfil the criterion H >= 0. Note that this rule is not valid when UE high-mobility is detected (see subclause 5.2.6.1.2).

-
all cells, not considering HCS priority levels, if no cell fulfil the criterion H >= 0. This case is also valid when it is indicated in system information that HCS is not used, that is when serving cell does not belong to a hierarchical cell structure.

The cells shall be ranked according to the R criteria specified above, deriving Qmeas,n and Qmeas,s and calculating the R values using CPICH RSCP, P-CCPCH RSCP and the averaged received signal level as specified in [10] and [11] for FDD, TDD and GSM cells, respectively.
The offset Qoffset1s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst1s is used for Qhysts to calculate Rs. For UE in RRC connected mode states CELL_PCH or URA_PCH the hysteresis Qhysts takes the value Qhyst1s,PCH to calculate Rs, if provided in SIB4 [see 4]. For UE in RRC connected mode state CELL_FACH the hysteresis Qhysts takes the value Qhyst1s,FACH to calculate Rs, if provided in SIB4 [see 4].

If the usage of HCS is indicated in system information, TEMP_OFFSET1n is used for TEMP_OFFSETn to calculate TOn. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. The best ranked cell is the cell with the highest R value.

If a TDD or GSM cell is ranked as the best cell, then the UE shall perform cell re-selection to that TDD or GSM cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH RSCP, the UE shall perform cell re-selection to that FDD cell.

If an FDD cell is ranked as the best cell and the quality measure for cell selection and re-selection is set to CPICH Ec/No, the UE shall perform a second ranking of the FDD cells according to the R criteria specified above, but using the measurement quantity CPICH Ec/No for deriving the Qmeas,n and Qmeas,s and calculating the R values of the FDD cells. The offset Qoffset2s,n is used for Qoffsets,n to calculate Rn, the hysteresis Qhyst2s is used for Qhysts to calculate Rs. For UE in RRC connected mode states CELL_PCH or URA_PCH the hysteresis Qhysts takes the value Qhyst2s,PCH to calculate Rs, if provided in SIB4 [see 4]. For UE in RRC connected mode state CELL_FACH the hysteresis Qhysts takes the value Qhyst2s,FACH to calculate Rs, if provided in SIB4 [see 4]. If the usage of HCS is indicated in system information, TEMP_OFFSET2n is used to calculate TOn. If it is indicated in system information that HCS is not used, TEMP_OFFSETn is not applied when calculating Rn. Following this second ranking, the UE shall perform cell re-selection to the best ranked FDD cell.

In all cases, the UE shall reselect the new cell, only if the following conditions are met:
-
the new cell is better ranked than the serving cell during a time interval Treselection. For UE in RRC connected mode states CELL_PCH or URA_PCH the interval Treselections,PCH applies, if provided in SIB4 [see 4], while for UE in RRC connected mode state CELL_FACH the interval Treselections,FACH applies, if provided in SIB4 [see 4]. For hierarchical cell structures when high mobility state has not been detected, if according to the HCS rules the serving cell is not ranked then all the ranked cells are considered to be better ranked than the serving cell.
-
more than 1 second has elapsed since the UE camped on the current serving cell.
[…]
5.2.6.1.x
Frequency Layer Dispersion in MBMS

4.1.1.1.1 The frequency layer dispersion (FLD) procedure for MBMS proceeds as follows:

a) The UE applies a hash function to choose an integer value x between 1 and n (inclusive), where n is the number of frequencies for which neighbouring cell information was provided in the IE “Measurement system control information” in System Information Block type 11/12 (along with the serving frequency, even if it is not included in the SIB).
b) The UE indexes the available frequencies in an implementation-dependent fashion and determines what frequency Fx is indexed by the hash value x.

c) The UE determines whether the best cell on frequency Fx (the “virtual serving cell”) is suitable.  If not, the FLD procedure ends and the UE initiates cell reselection.

d) The UE reads the System Information Blocks of types 3/4 and 11/12 from the virtual serving cell.
e) The UE initiates cell reselection with the indicated cell as virtual serving cell.
4.1.1.1.2 The exact hash function used in step (a) is determined by the UE implementation, but the function should have a “flat” distribution in the sense that for large numbers of UEs it should tend to yield each possible value with approximately equal frequency.
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Rs = Qmeas,s + Qhysts + Qoffmbms







Rn = Qmeas,n - Qoffsets,n �+ Qoffmbms - TOn *  (1 – Ln)
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Hs = Qmeas,v – Qhcsv
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Rs = Qmeas,v + Qhystv + Qoffmbms







Rn = Qmeas,n – Qoffsetv,n �+ Qoffmbms - TOn *  (1 – Ln)
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Hs = Qmeas,s - Qhcss







Hn = Qmeas,n - Qhcsn – TOn *  Ln
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for FDD cells:		Srxlev > 0  AND Squal > 0



for TDD cells:		Srxlev > 0



for GSM cells:		Srxlev > 0
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TOn = TEMP_OFFSETn * W(PENALTY_TIMEn – Tn)







Ln = 0		if  HCS_PRIOn = HCS_PRIOs�Ln = 1		if  HCS_PRIOn <> HCS_PRIOs







W(x) = 0	for x < 0



W(x) = 1	for x >= 0
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Squal = Qqualmeas – Qqualmin



Srxlev = Qrxlevmeas - Qrxlevmin - Pcompensation












