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DLMC – Extended TFI Addressing space
1 Introduction
The Downlink Multicarrier, DLMC, feature was started as a work item at GERAN#55, see [1]. 
In short, the feature enables the allocation of multiple carriers to a MS in the downlink, while avoiding additional requirements on the MS hardware to support multiple receiver paths in the RF front end. 
Discussion regarding the feature implementation has so far not been addressing the support for an extended DL Temporary Flow Identity (TFI) space. As a single DLMC mobile will require a unique TFI on each PDCH it is assigned, it is easily understood that DLMC mobiles will consume DL TFI identifiers at a much higher rate than today’s single carrier mobiles.
This paper makes an attempt to predict DLMC requirements on DL TFI identifier space and compares these with the existing 5 bit TFI space supporting 32 identifiers to justify a 3 bit logical extension of today’s DL TFI field. 
2 Discussion
The legacy 5 bit TFI field is used to identify the DL and UL Temporary Block Flows (TBFs), and is conveyed as part of the DL or UL header. In case of a TBF with Fast Ack/Nack Reporting (FANR) enabled the TFI shall also be used to identify the PAN field if included in the radio block [2].  The TFI is then added to the PAN CRC in terms of bit-wise modulo 2 additions [3].

Since the legacy TFI field is limited to 5 bits, only 32 unique identifiers are available per PDCH, effectively limiting the maximal number of mobiles that can be multiplexed on a single PDCH. With DLMC this limitation could become problematic as a single DLMC capable mobile can be assigned PDCHs on up to 16 carriers and consume a TFI for each of its assigned PDCHs. In an extreme situation with each DLMC mobile assigned on all radio resources no more than 32 DLMC mobiles can be supported in a single cell. This is however not believed to be a case that the specification should be dimensioned for, and thus the paper attempts to evaluate the needed increase in identifier space in more realistic use cases.
In section 3 an attempt is made to predict the necessary TFI expansion to cater for the deployment of DLMC. The simulations shown are based on realistic mobile populations per cell, and assume an increasing DLMC mobile penetration to predict realistic TFI requirements after 3GPP Release 12.
3 Evaluation
Mobile population
In order to assess the DLMC TFI addressing space requirements it is important to first make reasonable assumptions on the mobile population accessing a cell. In this evaluation the following is assumed with regards to the studied mobile population per cell;
1. The mobile population can be derived based on a realistic TBF/PDCH multiplexing ratio in combination with assumptions on the radio resource volume and a common Legacy mobile multi-slot capability. The denotation Legacy mobile is used in this text to indicate non DLMC mobiles.

2. The introduction of a DLMC penetration will not alter the total mobile volume; it will only change its constitution with an increasing amount of DLMC mobiles combined with a decreasing amount of legacy mobiles.
Observations from network data extracted from a densely populated urban area show typical average TBF/PDCH multiplexing rates of four TBFs/PDCH but also extremes such as eigth TBFs/PDCH. Together with assumptions on number of TRXes per cell and legacy mobile multi-slot capability the mobile volume can be calculated as:
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The DLMC mobile penetration is assumed to rise from 0 to 100%, while the legacy mobile penetration is assumed to decrease in a corresponding pace to give room for the DLMC mobiles. I.e. it is assumed that the mobile fleet will be upgraded from single carrier MSs to DLMC MSs but that the number of mobiles in the cell is kept reasonably stable. Figure 1 illustrates this with an example where 8 TBFs/PDCH, 16 TRXs/cell and a legacy multi-slot capability supporting 4 DL TS are assumed.
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Figure 1 MS population when 8 TBFs/PDCH, 16 TRXs/cell and a legacy multi-slot capability supporting 4 DL TS are assumed. 

Simulation 
To determine the TFI space requirements at a certain mobile population a simple simulator was constructed. This simulator spreads all PDCH assignments evenly over the available PDCHs in a simulated cell with the only restriction that each individual PDCH assignment should be made on a consecutive set of PDCHs, corresponding to the mobile multi-slot capability.
Figure 2 illustrates how the simulator would spread PDCH assignments, for five legacy user each supporting three TS and two DLMC users each supporting two carriers and four TS/carrier, over 16 PDCHs allocated on two DL carriers.





Figure 2 Example of simulator TFI allocation in case of two DLMC mobiles and five legacy mobiles.
The example above shows that although the average TBF/PDCH multiplexing ratio equals (5x3+2x2x4)/16 = 1.9, the peak TBF/PDCH ratio equal 3. Since it is the peak consumption that sets the requirement on the TFI space the simulator has been set to log the peak TBF/PDCH multiplexing ratio per simulated scenario setting.
The simulator takes the following assumptions as input to produce the assessment of the required TFI identifier space.
	Parameter
	Value

	TRXs per cell
	16

	TBF/PDCH multiplexing ratio
	4 or 8 TBFs/PDCH

	Legacy MS DL TS capability
	4 TS

	DLMC MS penetration
	0 - 100 %

	DLMC MS max supported number of carriers
	1 - 16 carriers

	DLMC MS DL TS capability
	4 or 8 TS


Table 1 Simulation parameters.
The assumption of four or eight TBFs/PDCH will generate simulation loads of 128 and 256 users respectively. For each load DLMC MS DL TS capability is set to four or eight TS, implying that in total four difference scenarios are evaluated. In each scenario the DLMC MS penetration is swept from 0 to 100%. Figure 3 is showing the TFI consumption in the scenario with 256 users accessing a cell while the DLMC MS DL TS capability set to eight TS. In the figure each shift in surface color indicates that a new multiple of 32 TFI identifiers is needed to cater for all users trying to access the cell. The blue color when using a small number of DLMC carriers and/or a low DLMC penetration indicates that the current TFI addressing space is sufficient.
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Figure 3 TFI consumption when 256 users access a cell and the DLMC MS DL TS capability set to eight TS.
It can be seen from the figure that a high penetration of DLMC mobiles consume a large number of identifiers. A TFI expansion of a factor eight, that justifies a TFI extension of three bits, is needed to cover the requirements. It can also be noted that a two bit extension that would support a TFI expansion of a factor four suggests a limit of the maximum amount of DLMC carriers to seven at very high DLMC penetrations. The probability of the different scenarios could be argued. It is however, the view of the sourcing companies that if a TFI extension should be specified it is reasonable to make it future proof, and thus a 3 bit extension is considered. 

The complete set of simulation results are depicted in the annex.
4 Proposal
Based on the results presented in sub-clause 3.2 it is proposed to introduce an extended DL TFI identifier field for DLMC. This eTFI field needs to be three bits to cater for an 8 times increase in the TFI identifier space.
WA1: For DLMC a three bit extension of the DL TBF TFI field shall be specified.

As of now the 5 bit TFI field for a DL TBF is located in the DL RLC/MAC header. In case of a DL TBF with Fast Ack/Nack Reporting (FANR) enabled the TFI is added to the last five bits p(5),…,p(9) of the 10 bit PAN CRC, carried in a UL radio block, in terms of bit-wise modulo 2 additions, a so called XOR operation [3]. It is proposed to use a similar XOR operation to convey the new eTFI field both in case of the RLC/MAC header and the FANR PAN field. The TFI expansion in case of FANR is only limited to the case a DLMC MS supports Enhanced Multiplexing for Single TBF (EMST). In all other cases no TFI is needed to identify the PAN.
The DL RLC/MAC headers are protected by an eight bit CRC. Given the robustness of the RLC/MAC header it is proposed to convey the eTFI field using an XOR operation between the last three CRC bits and the eTFI field. This proposal will enable an eight-fold increase the TFI space, as only DLMC mobiles assigned an eTFI other than 000 will be able to decode the RLC header/PAN field and read the legacy 5 bit TFI field. The special eTFI value of 000 will allow legacy mobiles to read the RLC header/PAN field and the legacy 5 bitTFI field therein.

WA2: In the case of the DL TBF RLC/MAC header a DLMC specific eTFI field shall be conveyed by means of a XOR operation between the last three header CRC bits and the eTFI field.
For the PAN field it is proposed to XOR the eTFI field with the third, fourth and fifth CRC bits (p(2), p(3) and p(4)) [3]. This proposal is justified by the current implementation of the PAN TFI.
WA3: In the case of the DL TBF PAN field the DLMC specific eTFI field shall be conveyed by means of a XOR operation between the third, fourth and fifth PAN CRC bits and the eTFI field.
5 Conclusions
This discussion paper has shown that the DL TBF TFI space needs to be expanded to cater for any penetration of DLMC capable MS supporting up to 16 carriers. It has been proposed to support this expansion by the means of a new 3 bit eTFI field, i.e. an eight times expansion, that will be signaled in the RLC/MAC header CRC and PAN CRC using an XOR operation.

Three new working assumptions have been presented to support this new concept;
WA1: For DLMC a three bit extension of the DL TBF TFI field shall be specified.

WA2: In the case of the DL TBF RLC/MAC header a DLMC specific eTFI field shall be conveyed by means of a XOR operation between the last three header CRC bits and the eTFI field.
WA3: In the case of the DL TBF PAN field the DLMC specific eTFI field shall be conveyed by means of a XOR operation between the third, fourth and fifth PAN CRC bits and the eTFI field
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7 Annex: Simulated results

Four set of simulations was performed to visualize the TFI requirements at difference circumstances. Sub-clause 7.1 presents the common simulation assumptions used in the simulations. Sub-clauses 7.2 to 7.5 list the scenario specific assumptions and depict the results. 

Note that all assumptions have been extracted from Table 1, and that scenario 1 and Figure 4 is identical to Figure 2 in sub-clause 3.2.
The conclusions from the four scenarios are no surprise; 

· A large mobile population accessing a cell requires a large pool of TFI identifiers.  

· The TFI requirements increase with the penetration of DLMC capable mobiles.

· The TFI resources a DLMC mobile will consume is equals the number of radio resources it is assigned. More radio resources demand more TFI identifiers.
Common assumptions
	Parameter
	Value

	TRXs per cell
	16

	Legacy MS DL TS capability
	4 TS

	DLMC MS penetration
	0 - 100 %

	DLMC MS max supported number of carriers
	1 - 16 carriers


Table 2 Common simulation assumptions (Extracted from Table 1).

Scenario 1
	Parameter
	Value

	TBF/PDCH multiplexing ratio
	8 TBFs/PDCH

	DLMC MS DL TS capability
	8 TS


Table 3 Scenario 1 specific assumptions.
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Figure 4 Scenario 1 results (same as shown in Figure 2).
Scenario 2
	Parameter
	Value

	TBF/PDCH multiplexing ratio
	8TBFs/PDCH

	DLMC MS DL TS capability
	4 TS
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Figure 5 Scenario 2 results.

Scenario 3
	Parameter
	Value

	TBF/PDCH multiplexing ratio
	4 TBFs/PDCH

	DLMC MS DL TS capability
	8 TS


Table 4 Scenario 2 specific assumptions.

[image: image6.png]TFI consunption [TFI/PICH]

DLHC penetration [2]

0

10

DLHEC Carriers




Figure 6 Scenario 3 results.
Scenario 4

	Parameter
	Value

	TBF/PDCH multiplexing ratio
	4 TBFs/PDCH

	DLMC MS DL TS capability
	4 TS


Table 4 Scenario 2 specific assumptions.
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Figure 7 Scenario 4 results
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