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1 Introduction
In RAN#61, a work-item on DCH Enhancements was begun [1] based on the conclusions of the TR [2] from the study item. In this contribution, we present an overview of several aspects to be studied in further detail towards the goal of standardizing these features. For each aspect, we review the conclusions of the study-item phase [2] and describe the further study required.
2 Design features
2.1 TDM of multiple voice users on the downlink
TDM of 2 voice users on alternate 10ms radio-frames was studied under the Solution-1 scheme proposed in [2]. The goal of TDM in this solution is to shorten the voice-frame TTI, thus enabling (a) downlink DRX in alternate radio-frames, and (b) faster termination of UE’s uplink transmissions by reducing the time for which the UL DPCCH is forced to be transmitted for maintainence of the downlink (i.e., carrying downlink TPC commands and enabling sending of Ack for DL frame-early termination). These benefits result in reduced UE power consumption, at the expense of some loss in downlink time-diversity relative to an alternative solution that uses the full 20ms TTI for voice frames (eg, current R99 specification). TDM of 3 voice users was proposed in Solution 4 of [2], with the difference that the data on DPDCH was TDM-ed on a slot-by-slot basis instead of on a radio-frame basis as in Solution 1. The result is that the UE power consumption savings are not as significant as in Solution 1, but there is a possibility for somewhat higher downlink gains due to better time-diversity, and also for higher system throughput due to reduced OVSF code usage. 
However, both the above TDM solutions propose SF reduction to maintain the code-rate of the voice-packets. Thus, they require the network to find groups of UEs that can be TDM-ed (pairs in Solution-1, and triplets in Solution-4). The network is further required to maintain that TDM-sharing in presence of UE mobility and changes to the UE’s active set. Failure to do this will result in increased OVSF code usage relative to R99, and consequent downlink system capacity loss. This is a very challenging problem, as noted in [2], and none of the proposed solutions in [2] are very satisfactory:

a) One approach involves modifying the TDM pairing if needed following active-set changes, which will involve expensive reconfigurations that add to control channel overhead as well as contribute to potentially missed packets during the reconfigurations.

b) Another approach is to extend the UE soft-combining window in handovers so that the network does not need to re-assign the UE DPCH timing (t-DPCH) to maintain the TDM pairing. However this imposes additional complexity at UE and reduces the potential for UE DRX. It also does not completely avoid adding complexity at the network: Even in this solution, the UE DPCH timing has to change when the cell based on which the timing was originally assigned eventually drops out of the active-set; which is in contrast to current R99 where the t-DPCH is unaffected by changes to the active-set. Also, although the network is not obligated to maintain TDM-pairing here, a poor pairing algorithm can still reduce the DRX savings to such a point that the merit of the scheme becomes questionable.

c) Though not considered in [2], a hybrid approach may be conceivable wherein a TDM-pairing solution is allowed only when not in handover, and an alternative DCH-Enhancements solution is used during soft-handover. However, this would require frequent mode-switches which also add complexity and potential for missed packets during the switches.

In summary, we believe that the complexity of TDM-pairing far outweighs its potential benefits. Hence, prior to any further link evaluation of schemes assuming TDM, a detailed analysis of this additional complexity is required, including possible changes required to upper-layer signaling, and implementation complexity at UE and NodeB.

Proposal 1 (TDM): Avoid DCH-enhancements proposals that require multiple DCH users to be TDM-ed on the same OVSF code on the downlink. Such proposals can only be considered if an associated network-based TDM pairing algorithm is demonstrated with reasonable complexity, modest impact to upper layers and robustness under UE mobility.
2.2 Downlink pilot-free slot-formats
There has been wide agreement during the study-item phase [2] that elimination of dedicated pilots from the downlink slot-formats provides substantial link gain. The loss due to the lack of these pilots that is caused by poorer DL SIR estimation for power-control is sufficiently outweighed by the power savings gained from not having to send the pilots. Table 1 lists the new candidate slot-formats for potential standardization. Slot-formats 17-21 have been considered in [2], and slot-format 22 is an analog of 21 wherein the TPC is moved to the end of the slot. Slot-formats 17 and 21 are the analogs of existing slot-formats 8 and 2 respectively, where the pilots are replaced by data. Slot-format 18 further adds an extra TPC symbol in place of data, relative to slot-format 17. There is no current R99 slot-format analogous to slot-format 18 in the manner that slot-formats 8,17 are analogs. Also, slot-format 18 has already been shown to have performance very similar to that of slot-format 17 in [2]. Thus, discussion is needed as to the necessity of slot-format 18. 
Slot-formats 19,20,22 are variants of 17,18,21 respectively, that move the TPC field to the end of the slot and thus preserve the ability to achieve 1-slot DL ILPC delay (as possible in current R99), without any change to the current UL DPCCH slot-structure. The performance of these slot-formats has not been evaluated in detail, and they are expected to have some gain relative to slot-formats 17,18 and 21 if the difference in DL ILPC delay is accounted. However, if the UL DPCCH slot-structure is changed by interchanging the order of the TPC and pilot bits, then this allows slot-formats 17,18 and 21 also to achieve 1-slot DL ILPC delay. Discussion is needed on the preferred approach to be standardized.
Proposal 2a (New DL slot-formats): Agree that new pilot-free versions of the current R99 downlink DCH slot formats 2 and 8 shall be standardized.

Proposal 2b (New DL slot-formats): Propose a justification for a new slot-format for AMR12.2Kbps with more than 2 TPC bits, or agree that such a slot-format shall not be further studied.
Proposal 2c (New DL slot-formats): Decide between slot-formats (17,18,21) and (19,20,22) of Table 1 based on DL ILPC delay considerations.
There are also other slot-formats considered in [2] specifically for Solutions 1 and 4 of [2], to facilitate TDM of multiple users, but these have not been included in Table 1, since we propose avoiding TDM.
Table 1: Enhanced DL DPCH slot formats

	Vocoder
	Slot Format #i
	Channel Bit Rate (kbps)
	Channel Symbol Rate (ksps)
	SF
	Bits/ Slot
	DPDCH Bits/Slot
	DPCCH

Bits/Slot
	Transmitted slots per radio frame

NTr

	
	
	
	
	
	
	NData1
	NData2
	NTPC
	NTFCI
	NPilot
	

	AMR 12.2K
	17
	60
	30
	128
	40
	6
	32
	2
	0
	0
	15

	AMR 12.2K
	18
	60
	30
	128
	40
	4
	32
	4
	0
	0
	15

	AMR 12.2K
	19
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	AMR 12.2K
	20
	60
	30
	128
	40
	36
	0
	4
	0
	0
	15

	AMR 5.9K
	21
	30
	15
	256
	20
	2
	16
	2
	0
	0
	15

	AMR 5.9K
	22
	30
	15
	256
	20
	18
	0
	2
	0
	0
	15


2.3 Downlink rate-matching and interleaving
In [2], Solution 1 uses current R99 rate-matching (RM) and interleaving. Solution 2 uses a new approach that interleaves the encoded output block and then repeats the interleaver output so as to occupy all available DPDCH bits, thus completely avoiding DTX of DPDCH. Solution 3 uses another new approach called pseudo-flexible RM, wherein the RM algorithm proceeds as if the RM attribute of the DCCH channel had been set to zero whenever the transport-channel carrying DCCH blocks does not deliver a packet. Both these new solutions provide gain relative to the current R99 fixed-positions rate-matching scheme that is used today to carry voice traffic. The gain is achieved by making use of DCCH bit positions when DCCH is not present, in contrast with current R99, wherein certain bit positions are always reserved for DCCH and are DTXed when DCCH is not present. The RM scheme used by Solution 2 is a more significant deviation from the current R99 RM, and thus increases implementation cost at both NodeB and UE. However, when used in conjunction with frame-early termination (FET), it has the potential to provide additional link gain as well as earlier decoding time, since it allows the earliest transmission of all the encoder output bits before the transmitter starts to repeat the bits. The additional complexity is justified only if these gains are significant enough.

Proposal 3 (DL RM/interleaving): Evaluate the additional DL link gain provided by using the rate-matching and interleaving scheme proposed in Solution 2 of TR25.702, against that provided by the scheme proposed in Solution 3 of the TR.
A preliminary study of the evaluation proposed above is contained in [5], which concludes that the gains are indeed fairly small.
2.4 Shorter TTI and lower BLER targets for downlink
A desirable goal is to achieve the battery savings that the 2-user TDM scheme in Solution 1 of [2] was aimed at, without the added complexities described in Section 2.1 introduced by the user-pairing requirement of the TDM scheme. The UE power consumption savings was achieved by the TDM scheme by means of shortening the DL TTI. The need for the user-pairing was introduced because the spreading factor was also reduced. However, we could try to reduce the TTI, or reduce the average decoding time, without reducing the spreading factor. Some approaches to this are described in detail in [4], and can be summarized as follows:
Proposal 4 (Improved DL DRX): Evaluate use of aggressive DL BLER targets to increase UE DRX opportunity. Evaluate 10ms TTI on DL without a spreading factor change, with or without repetition of the voice-frame in alternate 10ms TTIs.
2.5 Downlink DCCH transmission

As explained in Section 2.3, the new rate-matching schemes of both Solutions 2 and 3 of [2] make use of DCCH bit positions for transmitting DTCH bits when DCCH is not transmitted. Hence, the DCCH reliability is likely to be affected when compared to the current R99. However, this is easily remedied by allowing the DPDCH to be power-boosted whenever DCCH is transmitted. Note that DPCCH is not power-boosted, because DL ILPC will try to undo any such boost. By appropriate choice of power-boost, it is easy to ensure the desired DCCH reliability. Note that this power boost is implicitly a part of Solution 2 of [2], because the DPCCH/DPDCH power ratio there is a function of TBS. Also, such a power boost is already supported in the current R99 uplink via computed or signalled beta-factors for UL DPDCH and UL DPCCH (which are a function of UL transport-format combination).
Proposal 5 (Power-boost for DL DCCH): Agree that the DPCCH/DPDCH power ratio on the downlink is allowed to be different depending on whether or not DCCH is transmitted.
2.6 Uplink rate-matching and interleaving
On the uplink, Solution 1 of [2] is similar to the current R99, with the exception that the TTIs for DCCH and DTCH are halved and the packets are repeated at the MAC layer. Solution 2 of [2] uses an approach that is similar to that which it uses in the downlink, i.e. the interleaving is modified so that a first copy of the coded bits is transmitted as early as possible in order to improve FET. Thus, similar to the discussion in Section 2.3, we need to quantify the benefits of the proposed interleaver change, and they need to be significant enough to justify the change.
Proposal 6 (UL RM/interleaving): Evaluate the additional UL link gain provided by using the rate-matching and interleaving scheme proposed in Solution 2 of TR25.702, against that provided by the scheme proposed in Solution 3 of TR25.702.
2.7 Design and evaluation of Ack channels for FET

Methodology for Ack channel evaluation is discussed in detail in [3].
3 Conclusions

In this contribution, we have presented an overview of issues to be resolved for the DCH-Enhancements work-item phase. We presented the following proposals towards resolving these issues:
Proposal 1 (TDM): Avoid DCH-enhancements proposals that require multiple DCH users to be TDM-ed on the same OVSF code on the downlink. Such proposals can only be considered if an associated network-based TDM pairing algorithm is demonstrated with reasonable complexity, modest impact to upper layers and robustness under UE mobility.

Proposal 2a (New DL slot-formats): Agree that new pilot-free versions of the current R99 downlink DCH slot formats 2 and 8 shall be standardized.

Proposal 2b (New DL slot-formats): Propose a justification for a new slot-format for AMR12.2Kbps with more than 2 TPC bits, or agree that such a slot-format shall not be further studied.

Proposal 2c (New DL slot-formats): Decide between slot-formats (17,18,21) and (19,20,22) based on DL ILPC delay considerations.
Proposal 3 (DL RM/interleaving): Evaluate the additional DL link gain provided by using the rate-matching and interleaving scheme proposed in Solution 2 of TR25.702, against that provided by the scheme proposed in Solution 3 of the TR.

Proposal 4 (Improved DL DRX): Evaluate use of aggressive DL BLER targets to increase UE DRX opportunity. Evaluate 10ms TTI on DL without a spreading factor change, with or without repetition of the voice-frame in alternate 10ms TTIs.

Proposal 5 (Power-boost for DL DCCH): Agree that the DPCCH/DPDCH power ratio on the downlink is allowed to be different depending on whether or not DCCH is transmitted.
Proposal 6 (UL RM/interleaving): Evaluate the additional UL link gain provided by using the rate-matching and interleaving scheme proposed in Solution 2 of TR25.702, against that provided by the scheme proposed in Solution 3 of TR25.702.
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