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1	Introduction
Many aspects of DCH Enhancements design have now been agreed in RAN1. One aspect that has not received much attention is the operation of these new features in compressed mode. This contribution discusses these aspects and makes some proposals for a simple compressed-mode design.
2	Downlink compressed mode
[bookmark: OLE_LINK222]2.1	Pseudo-flexible rate-matching
RAN1 has agreed on pseudo-flexible rate-matching as the downlink rate-matching (RM) solution for DCH Enhancements. Pseudo-flexible RM procedure at the NodeB transmitter is defined to be identical to fixed-positions RM procedure, but with RM attributes that depend on whether or not a DL DCCH packet is transmitted. In the current R99 downlink RM with fixed-positions, the RM pattern is independent of presence/absence of compressed mode frames. The number of DTX bits inserted by the DTX insertion procedure does depend on presence of compressed mode. However, this dependency is not directly coupled to choice of RM attributes, and instead, simply comes about because the number of physical-channel bits available in the frame depends on whether the frame is compressed or not. Thus, we conclude that no special handling is required for pseudo-flexible rate-matching scheme in compressed mode, i.e., the definition of pseudo-flexible RM remains the same whether or not compressed frames are present. This leads to the following:
Proposal 1: Pseudo-flexible RM in compressed mode behaves the same as Pseudo flexible RM in non-compressed mode.
2.2	Downlink FET
Downlink FET involves the UE attempting early decoding of packets carried on DL DPDCH and signaling Ack on UL if decoding is successful, to allow the NodeB to DTX DL DPDCH and possibly DL DPCCH as well. If the TTI of a packet carried on DL DPDCH contains compressed frames, it is possible that those frames are harder for the UE to decode early. This may be especially true for certain locations of the compressed-mode gaps. However, as long as the Ack channel is still available on the UL, the same UE behavior as in non-compressed frames is well defined and could continue to be used; i.e., UE indicates Ack/Nack on the UL if early decoding was successful.
An alternative compressed-mode design would be to disable Ack/Nack signaling on UL. In this approach, if the TTI of a DL voice packet contains a compressed frame, the UL DPCCH during that TTI would either switch to a slot-format that does not allow Ack/Nack signaling, or keep the same slot-format but always send Nack. This alternative design would be preferable if the probability of Ack (i.e., of successful early decode) is very low in compressed frames. It would have some advantage for UL decoding: The NodeB does not have to perform Ack/Nack decoding, and can treat the Nacks as pilots and improve channel estimation by coherent combining with the other pilots carried on UL DPCCH. However, compressed mode configuration involves several parameters, and there are choices of these parameters that are conducive to high success rate for early decoding, namely: compression by spreading factor reduction, low values of gap lengths (TGL1 and TGL2) and gaps scheduled towards the end of the 20ms voice-frame TTI. In this light, the UL channel estimation improvement from coherent combining does not appear significant when compared to the possible DL gains. Note that the Ack/Nack can still be non-coherently combined with the pilots on UL DPCCH. It is possible that current NodeB implementations already perform such non-coherent combining with other UL DPCCH fields (TPC and TFCI). Since the Ack/Nack is signaled by re-using the same field carried by TFCI, obtaining the coherent combining advantage would then also require a more complicated processing of UL DPCCH at NodeB. This suggests keeping DL FET operation unchanged during DL compressed mode.
Note that we have assumed that the Ack channel remains available on the UL even during DL compressed mode. If UL compressed mode is configured in the same TTI, it is possible that some Ack opportunities may be lost due to UL compression gaps. However, UL and DL compressed mode could be configured independently and may not always overlap, and even if they did, not all Ack opportunities would be lost to UL compression gaps. Thus, DL FET can operate even during UL compressed mode, using the Ack channel design that is chosen during UL compressed mode. Proposals for such Ack channel design are considered in Section 3.
Proposal 2: Transmission of Ack channel for DL FET is allowed during compressed mode.
2.3	Pilot-free DL DPCH slot formats
[bookmark: _GoBack]As TS25.211 describes, all existing slot-formats #i, i=0 through 16, have corresponding slot-formats #iA and/or #iB which are used during frames compressed by higher layer scheduling and by spreading factor reduction respectively. RAN1 has agreed to standardize pilot-free versions of existing slot-formats 2 and 8, which are slot-formats 17 and 18 in Table 1. This naturally suggests that we should define corresponding pilot-free versions of their ‘A’ and ‘B’ slot-formats for use in compressed mode. Observe that for existing slot-formats 2 and 8, the ‘A’ format is identical to the non-compressed mode slot-format except that it is transmitted in a subset of 8-14 slots in the compressed radio-frame. The ‘B’ format is derived from the ‘A’ format by halving the SF and doubling the number of bits in each of the fields (NData1, NData2	, NTPC, NTFCI, NPilot). We can use these rules to also derive the ‘A’ and ‘B’ formats for the new pilot-free slot-formats, as shown in Table 1.
Table 1: DPDCH and DPCCH fields for existing and corresponding new pilot-free DL slot-formats
	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
	

	2
	30
	15
	256
	20
	2
	14
	2
	0
	2
	15

	2A
	30
	15
	256
	20
	2
	14
	2
	0
	2
	8-14

	2B
	60
	30
	128
	40
	4
	28
	4
	0
	4
	8-14

	8
	60
	30
	128
	40
	6
	28
	2
	0
	4
	15

	8A
	60
	30
	128
	40
	6
	28
	2
	0
	4
	8-14

	8B
	120
	60
	64
	80
	12
	56
	4
	0
	8
	8-14

	17
	30
	15
	256
	20
	18
	0
	2
	0
	0
	15

	17A
	30
	15
	256
	20
	18
	0
	2
	0
	0
	8-14

	17B
	60
	30
	128
	40
	36
	0
	4
	0
	0
	8-14

	18
	60
	30
	128
	40
	38
	0
	2
	0
	0
	15

	18A
	60
	30
	128
	40
	38
	0
	2
	0
	0
	8-14

	18B
	120
	60
	64
	80
	76
	0
	4
	0
	0
	8-14



Proposal 3: For the new pilot-free slot formats, their corresponding compressed-mode ‘A’ and ‘B’ slot-formats are also pilot-free, as defined in Table 1.
Another change required for the new slot-formats in compressed mode is the definition of the compressed-mode frame-structure. Currently TS25.212 defines two possible frame-structures- ‘A’ and ‘B’, both of which transmit the pilot in the last slot of the compression gap, with structure ‘B’ further also transmitting the TPC bit in the first slot of the compression gap. These frame structures, shown in Figure 1a and 1b, now require generalization to the case when the slot-format does not contain pilots.
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(a) Frame structure type A (current R99)
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(b) Frame structure type B (current R99)
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(c) Frame structure type A – modified for use with pilot-free slot-formats
[bookmark: _Ref443632030][bookmark: _Ref443632018]Figure 1: Frame structure types in downlink compressed transmission 
All existing R99 slot-formats have TPC occurring near the beginning of the slot. Thus, the transmission of TPC in the first slot of the compression gap, as in frame-structure ‘B’, does not severely limit the usefulness of that slot for making measurements. On the other hand, in the new pilot-free slot formats, the TPC field is at the end of the slot. Thus, frame-structure ‘B’ may reduce the effective gap length by one slot, as it may not be feasible for a UE to use the first slot for measurements if it has to also read the TPC occurring at the end of that slot. Thus, although there is no conceptual problem with defining both frame structures, we propose restricting the pilot-free slot-formats to use frame-structure ‘A’, suitably modified to address the absence of pilots. Regarding the modification needed, one possibility is for NodeB to completely DTX the last slot in the transmission gap, since there are no pilots to send. However, the pilots are sent today because they are useful for DL power control, and their occurrence at the end of the slot has negligible impact on the available measurement time in the last slot of the gap. Now observe that in the pilot-free slot-formats, the TPC field replaces the role of the pilot field in estimating the DL SINR for DL power-control. Further, the TPC has also been moved to the end of the slot. Thus, it is natural to transmit the TPC field in the last slot of the compression gap instead of the pilot field.
The TPC bit may be set to a fixed value (0 or 1), which may even be dependent on the slot and/or frame number, to be then used purely as a pilot by the UE and not for the purpose of uplink power control. Alternatively, a valid TPC may be sent, which the UE must account when determining uplink power. The possibility of sending a valid TPC exists because the uplink may not carry a compressed mode gap at the same time, and thus UL DPCCH may be available to estimate UL SIR and issue TPC commands on the DL. Whether or not the TPC is to be used by the UE for UL transmit power control could be decided based on some rules. For example, if UL DPCCH was transmitted during the last N UL slots (eg, N=1 or 2) prior to the last DL slot in the compression gap, then the TPC is valid and to be used for UL power control, else the TPC would have a fixed value that can be determined by the UE, and thus should not be used for UL power control. Since existing R99 slot-formats did not have the benefit of an additional TPC transmitted in the last slot of the compression gap, we propose for simplicity that the same be enforced for the new slot formats as well, i.e., the TPC bit be a fixed value of 0 which is not used for UL power control.
Proposal 4: In compressed mode, the new pilot-free slot-formats always use a modified form of frame-structure ‘A’. As shown in Figure 1, the modification consists of replacing the pilot transmitted in the last slot of the compression gap by aTPC command. This TPC command is set to a fixed value of 0 and not used by the UE for the purpose of UL power control.
We may note here that as an alternative to Proposals 3 and 4, we could have defined the compressed-mode versions to be identical to the corresponding compressed-mode versions of existing slot-formats, i.e., slot-formats 17A,17B,18A,18B are respectively identical to 2A,2B,8A,8B. This loses the DL link gain realized by a pilot-free slot format during compressed mode, with the potential benefit of re-using existing compressed mode implementation (in particular, frame-structures ‘A’ and ‘B’ are then exactly as in current R99). However, this is a somewhat unnatural generalization, and it is questionable as to how valuable the ‘re-use’ benefit is. To illustrate the ‘unnatural-ness’, observe that as discussed in [1], for pilot-free slot-formats, the notions of DPCCH/DPDCH power-offset fields PO3 and PO2 require re-definition. If the compressed mode versions of the pilot-free slot-formats turn out to contain pilots, then different definitions must be applied during compressed frames and frames that are not compressed. Thus, we do not propose this approach.

3	Uplink compressed mode
3.1	Ack sent on UL for DL FET, and dynamic 10ms transmission
Current R99 UL DPCCH slot-format 0 contains 2 TFCI bits per slot and is thus able to carry all 30 TFCI bits in each radio-frame. The corresponding compressed-mode slot-format 0A contains 3 TFCI bits per slot and is transmitted for at least 10 slots per radio frame, thus again able to carry all TFCI bits in each radio-frame in spite of the UL compression gap. Similarly, the current slot-format 0B contains 4 TFCI bits per slot and is transmitted for at least 8 slots per radio frame, thus again able to carry all TFCI bits in each radio frame.
The RAN1-agreed design for the Ack channel sent on the UL to support DL FET involves (a) using UL DPCCH slot-format 0, and (b) sending the TFCI in the TFCI field of the first 10 slots of the first radio-frame of a voice-packet, and then using the TFCI fields in the remaining slots for Ack/Nack for DL FET. Thus, there is no repetition of TFCI in the two radio-frames of a 20ms voice packet. Also, the number of encoded bits for TFCI is reduced from 30 (in R99) to 20 so as to fit in the first 10 slots and thus accommodate the Ack/Nack bits.
In compressed mode, we need to decide on the UL DPCCH slot-format and the interpretation of the TFCI field as TFCI and Ack/Nack. One solution is to partition the TFCI-field into TFCI and Ack based on the slot-number within the TTI, regardless of which slots are DTXed to create the transmission gap. Similar to the case of uncompressed UL frames, the first 10 slots carry TFCI and the rest carry Ack/Nack. However, then the TFCI could be heavily punctured if the transmission gap coincides with the initial duration of the first 10ms frame of a 20ms voice-packet TTI. Coupled with the already forced reduction of time-diversity for TFCI code-word in order to accommodate the Ack channel, this could result in very bad performance of TFCI decoding. To avoid this, the compression gap should be constrained to avoid the first 10 slots, either by appropriate choice of compressed-mode parameters or by explicit specification.
Another solution which avoids the need to constrain the compression gap is to transmit the TFCI at the start of the voice TTI, and continue transmitting it on every UL DPCCH slot until the TFCI bits are done, after which the remaining bits are reserved for Ack/Nack. In other words, the first N slots that are actually transmitted (i.e., excluding slots that lie in the compression gap) carry TFCI, and the rest carry Ack. Here the value of N depends on the chosen UL DPCCH slot-format during compressed mode, specifically, on the TFCI field-width in this slot-format. In this case, even without any further restriction on the currently available choices for compressed-mode parameters, the TFCI is guaranteed to be transmitted without puncturing, however its complete transmission may span slots both before and after the compression gap. This is the approach adopted in [2]. To decide the UL DPCCH slot-format, note that simply increasing the number of TFCI bits per slot without further constraining the start of the compression gap within the frame will not avoid having to transmit TFCI spanning the gap. This is because even with several TFCI bits, the gap is currently allowed to start very close to the beginning of the frame and could still occur before TFCI is transmitted. Thus, the only remaining motivation for increasing the TFCI field width in compressed frames is to allow the TFCI to be packed into less than 10 slots and thus allow more opportunity for Ack, some of which would otherwise be taken away by the compression gap. However, this causes different Ack/Nack field-width in normal and compressed mode, complicating the Ack/Nack decoding. Also note that a larger Ack/Nack field does not translate to a larger number of Ack opportunities, but simply a lower allowed Ack/Nack power. Alternatively, if the Ack/Nack field-width is to be maintained across normal and compressed frames, then it requires different slot-formats to be used for the initial slots (carrying TFCI) and later slots (carrying Ack/Nack) in the same frame or TTI. To avoid these complications, the UL DPCCH slot-format 0 (i.e., 6 pilot, 2 TPC and 2 TFCI fields) could continue to be used even during compressed mode, except of course that the interpretation of the bits in the TFCI field is changed as discussed earlier. This is also the approach suggested in [2].
Note that even if we did allow the possibility of constraining the compression gap, eg, to avoid the initial slots, the above arguments suggest that the additional value of changing the UL DPCCH slot format during compressed-mode is still questionable. Also, the design principle “TFCI is carried in first 10 non-gap slots” becomes identical to “TFCI is carried in first 10 slots” if the gap is forced to avoid the first 10 slots. Thus, it is natural to avoid introducing any further restrictions on the gap position, and instead, sending the TFCI in the first 10 non-gap slots. The gap position restriction can be effected if desired using existing compressed-mode parameters signaled by upper-layers. Note that such restriction may not be straightforward, since the timing of compression gaps could be related to the frame-timing of other radio-access technologies. This makes it important to have a compressed mode design that does not involve forcing additional restrictions on currently allowed compressed-mode parameters.
The above discussion shows alignment with the design outlined in [2] in terms of the (6pilot,2tfci,2tpc) format slot-structure of UL DPCCH and re-interpretation of the TFCI field. However, the exact format for Ack transmission has not yet been agreed even for non-compressed frames – specifically, whether Ack can be carried in any of the slots after the TFCI, or only on some of them, and whether Ack will be sent in one slot or repeated multiple slots. Here, [2] makes some specific recommendations in this regard; we also have considered this issue and have a proposal in [3]. We propose that the recommendation in [3] be also followed for compressed mode.
Presence of a compressed-mode gap in a 20ms TTI is somewhat similar to configuring 10ms transmission duration (as has also been observed in [2]). With this in mind, we could simply force the UL dynamic 10ms transmission to be disallowed during compressed frames. This avoids having to define compressed mode operation in both cases (10ms transmission selected/not selected). It also follows the same spirit of the proposals in [1,4] which disallow dynamic phy-layer TTI compression for TFCs that include UL DCCH transmission.
When not in compressed mode, the UL DPCCH may be gated early if no transport block is delivered on UL DPDCH, as shown in [1], as UL DPCCH only needs to be transmitted until TFCI (10 slots) and Ack have been sent. This behavior can be also applied in compressed mode.
We summarize the discussion above into the following proposals:
Proposal 5: UL dynamic 10ms transmission shall be disallowed during compressed frame transmissions. UL DPCCH slot format does not change in compressed mode frames. TFCI is transmitted in the first 10 slots that do not fall in the compressed-mode transmission gap. Other aspects of compressed mode operation are similar to R99 compressed mode. No change is made to the currently allowed choices of compressed-mode parameters such as transmission gap length etc.
Proposal 6: To ensure successful delivery of TFCI information, the first 10 slots of UL DPCCH that do not fall in the compressed-mode transmission gap are always transmitted, regardless of UL DPCH gating opportunities.
We may note here that there is another alternative approach to handle UL DPCCH during UL compressed mode: Revert to the UL DPCCH that is used for R99. Similar to the DL alternative noted at the end of Section 2.3, the motivation would be potential simplicity, but the value of this simplification is somewhat questionable when compared against the drawback that it does not support DL FET. Thus we do not prefer this solution.

[bookmark: OLE_LINK79]4	Conclusions
We have presented considerations and alternative designs for compressed-mode operation of the various DCH-Enhancements sub-features, and proposed a simple design captured in the following proposals:
Proposal 1: Pseudo-flexible RM in compressed mode behaves the same as Pseudo flexible RM in non-compressed mode.
Proposal 2: Transmission of Ack channel for DL FET is allowed during compressed mode.
Proposal 3: For the new pilot-free slot formats, their corresponding compressed-mode ‘A’ and ‘B’ slot-formats are also pilot-free, as defined in Table 1.
Proposal 4: In compressed mode, the new pilot-free slot-formats always use a modified form of frame-structure ‘A’. As shown in Figure 1, the modification consists of replacing the pilot transmitted in the last slot of the compression gap by aTPC command. This TPC command is set to a fixed value of 0 and not used by the UE for the purpose of UL power control.
Proposal 5: UL dynamic 10ms transmission selection shall be disallowed during compressed frame transmissions. UL DPCCH slot format does not change in compressed mode frames. TFCI is transmitted in the first 10 slots that do not fall in the compressed-mode transmission gap. Other aspects of compressed mode operation are similar to R99 compressed mode. No change is made to the currently allowed choices of compressed-mode parameters such as transmission gap length etc.
Proposal 6: To ensure successful delivery of TFCI information, the first 10 slots of UL DPCCH that do not fall in the compressed-mode transmission gap are always transmitted, regardless of UL DPCH gating opportunities. 
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