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1. Introduction

In Release 12, DCH enhancements feature was standardized. 
In this contribution, a few issues related to DCH enhancements feature are identified and clarified.
2. Considerations for DCH Enhancements
2.1 Decoding complexity
Due to the usage of pseudo-flexible rate matching as described in 4.2.7.2.1A [2] in DCH enhancements the decoding complexity increases exponentially with multiple “maximum TTI” channels each with a transport format with zero transport blocks. An example is given below.
Example: 

· Assume 3 Transport Channels (TrChs) (1,2,3) each with 20ms TTI and
· TrCh1 has 3 TFs. TrCh2 and TrCh3 have 2 TFs.
· TF0 for TrCh2 and TrCh3 have no transport blocks.
· The maximum TTI as per 4.2.7.2.1A [2] is 20ms. Hence, for both Trch2 and Trch3 the RM attribute RMi can be set to 0 depending on the presence or absence actual transport blocks on those transport Channels. As a result,
· The number of blind detection attempts increases to 2*2*3 + 2 + 2 = 16
· As compared to 5 decoding attempts in legacy R99 due to fixed rate matching
While pseudo-flexible rate matching in DCH enhancements leads to greater coding gains there is also an exponential increase in complexity with multiple “maximum TTI” channels each with a transport format with zero transport blocks
Proposal 1: Disallow multiple “maximum TTI” channels each with a transport format with zero transport blocks
It should be noted that all typical voice configuration and all the RAB configurations in 25.993 and 34.108 do not have multiple “maximum TTI” channels each with a transport format with zero transport blocks. 

Affected Specification: 25.212
2.2 UL Power Control in Single Transport Channel Configurations
The discontinuous reception and transmission behavior of the UE is specified in 6C.0 [3]. 
6C.0.1.1  DL_DCH_FET_Config = 0

Or, if all of the following conditions are satisfied, 

- Only a single transport channel is configured with 40ms TTI by higher layers over DL DCH. 

- This slot is not in the first radio frame of 40ms CI. 

- DL DCH contains no SRBs in this radio frame. 

The above specification deals with DRX and DTX procedure in the context of single transport channel configured with 40 ms TTI by higher layer over UL and DL DCH. It leads to lack of power control of UE on the uplink when the DL DCH contains no SRBs in a radio frame while on the corresponding uplink radio frame the UE transmits an SRB packet. 
More specifically in the 40 ms TTI, on uplink the UE may be expected to transmit on all four frames when there is UL SRB in UL_DPCH_20ms_Mode and in the first and third frames of a 40 ms CI when there is UL SRB in UL_DPCH_10ms_Mode. However, if on the corresponding 40 ms CI on downlink, if there is no DL DCH to be transmitted, the UE is required to receive the first frame and DRX the next three frames. This leads to a situation where the UE uplink has no UL TPC to control the Tx power. This could lead RoT issues at the NodeB.
To avoid such scenarios DRX behavior should account for UL SRB transmission as follows
6C.0.1.1  DL_DCH_FET_Config = 0

Or, if all of the following conditions are satisfied, 

- Only a single transport channel is configured with 40ms TTI by higher layers over DL DCH. 

- This slot is not in the first radio frame of 40ms CI. 

- DL DCH contains no SRBs in this radio frame
- And no UL DPCH transport blocks are sent in the corresponding UL radio frame. 
Proposal 2: Transmit UL TPC on DL when there is UL SRB transmission in the case of single transport channel configurations with 40 ms TTI.
Affected Specification: 25.214
2.3 Synchronization Procedures
As DCH enhancements feature involves discontinuous reception and transmission both DL and UL synchronization procedures are important. However, the DL and UL synchronization procedures are completely missing from [3].
It is proposed that this should be rectified. The broad outlines of such a proposal could be as follows:
· Network shall transmit downlink in 20 ms mode (i.e., without discontinuity on second frame) till DL synchronization is established in Phase 1 when post-verification is not enabled. Please note that the UE uplink cannot be enabled till this phase is complete. As a result, the UE cannot determine the transmission mode.
· In case post-verification is enabled, UE shall indicate 20 ms mode on uplink till DL Synchronization is established.
· Additionally, for 160 ms after CPHY Sync is considered established the UE shall signal and transmit in 20 ms mode. This is ensured by the UE so that the uplink synchronization doesn’t suffer or get delayed in case the UE had chosen 10 ms mode due to availability of large UL power headroom.
Proposal 3: Specify DL synchronization behavior in the context of DCH enhancements.
Affected Specification: 25.214
2.4 Transmission modes for UL TFC0 
The UE is required to set UL_DPCH_DYN_DTX to be true for each UL slot where there are no DPDCH bits to be sent except for the first frame in every 20 ms CI according to section 6C.0.1.1 [3]. 
In each UL slot, the UL_DPCH_DYN_DTX is set to TRUE if all of the following conditions are satisfied:

- This slot is in the second radio frame of 20ms CI.

- This slot contains no UL DPDCH bits, i.e., either no UL DPCH transport blocks are sent in this radio frame, or,

UL_DPCH_10ms_Mode is configured by higher layers.
In case of a voice configuration, UL TFC 0 typically denotes Null and there are no DPDCH bits to be sent. This implies the UE can only transmit UL DPCCH in the first frame of any 20 ms CI if TFC 0 is being transmitted, i.e., a true 20 ms only mode is not possible as the second frame cannot be transmitted.
As a consequence when TFCI value 0 (representing 20 ms mode) is transmitted, the second frame and the corresponding UL pilot bits and DL TPC bits are never transmitted. To rectify this drawback with 20 ms mode, we propose to allow DPCCH transmission during the second frame when TFC 0 is transmitted in 20 ms mode using TFCI = 0.

Proposal 4: When TFCI 0 is indicated UL DPCCH is transmitted on both frames 
Affected Specification: 25.214
2.5 Missing TPC commands 
When DCH enhancements is configured the UE is required to only listen to those TPC commands known to be present 5.1.2.2.1 [3].
When UL_DTX_Active is TRUE (see clause 6C) or DL_DCH_FET_Config is configured, a TPC command is not required to be transmitted in any downlink slot starting during an uplink DPCCH slot which is in an uplink DPCCH transmission gap as defined in subclause 6C.2, in which case it is not known to be present.
The implication of the above specification is that when UL_DPCH_10ms_Mode is configured the UE can receive only 14 TPC commands every alternate frame instead of 15 TPC commands required for uplink power control. This problem is illustrated below where the TPC field at the end of Slot 0 on the DL after the gap (circled in RED) is missing.
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Proposal 5: NodeB should transmit TPC command on the first slot after gap.
Affected Specification: 25.214
2.6 Power Control Algorithm 2
The interaction of PCA2 and DCH enhancements is not clearly well studied. In the presence of CPC, PCA2 has been disabled due to slow convergence. A similar dynamic is expected to prevail in the case of PCA2 and DCH enhancements. 
Proposal 6: Disallow the concurrency of PCA2 and DCH enhancements
Affected Specification: 25.214
2.7 Unspecified Network DL behavior when UE DL is Out-Of-Sync
The determination of whether a certain TTI is in UL_DPCH_10ms_Mode or in UL_DPCH_20ms_Mode depends on the uplink power headroom for the TFC that is transmitted in that TTI. And it is indicated by the uplink through encoded TFCI. However, there are cases when the NodeB cannot be informed of the mode that the UE is operating in. For example, when the DL goes out-of-sync the Tx is shut down till the synchronization is re-established. 

In the presence of Out-Of-Sync indication at the UE, DL synchronization will get delayed if NodeB transmits only every other radio frame. It is necessary that the NodeB transmit on both radio frames so that the determination of DL channel quality at the UE is more frequent and the DL synchronization can happen faster.

Similarly in other weak RF conditions even when Tx is on, it might be received poorly at the NodeB receiver. Again it may not be possible for NodeB to determine the UL mode that is being indicated on the UL by the UE.
To deal with the uncertainty, it is proposed that the NodeB shall transmit in 20 ms mode when it doesn’t detect UL reliably.
Proposal 7: NodeB shall transmit in 20 ms mode when it doesn’t detect UL reliably.
Affected Specification: 25.214
2.8 Concurrency with HS/EUL PS 
Currently the 25.331 Specification doesn’t allow DCH enhancements with 10 ms only mode or with 10 / 20 ms switching mode. However, it does allow DCH enhancements in 20 ms only mode along with PS mapped to HS and EUL.

The primary purpose of the DCH enhancements feature is the enabling of large battery power savings at the UE. Hence the expected mode of usage for the feature is in dynamic 10/20 ms switching mode.

Proposal 8: Disallow DCH enhancements with PS mapped to HS or EUL in the absence of CPC for 20 ms only mode.
Moreover in RAN2, the concurrency of DCH enhancements with PS mapped to DCH has been disallowed. We propose that this is extended to PS mapped to HS/EUL as well.
Affected Specification: 25.331
3. Conclusion
In this contribution, we have discussed the various open issues with the Rel-12 DCH enhancements feature. We have also proposed solutions to address those issue. The following proposals are tabled for approval.
Proposal 1: Disallow multiple “maximum TTI” channels each with a transport format with zero transport blocks.
Proposal 2: Transmit UL TPC on DL when there is UL SRB transmission in the case of single transport channel configurations with 40 ms TTI.
Proposal 3: Specify DL synchronization behavior in the context of DCH enhancements.
Proposal 4: When TFCI 0 is indicated UL DPCCH is transmitted on both frames.
Proposal 5: NodeB should transmit TPC command on the first slot after gap.

Proposal 6: Disallow the concurrency of PCA2 and DCH enhancements.
Proposal 7: NodeB shall transmit in 20 ms mode when it doesn’t detect UL reliably.

Proposal 8: Disallow DCH enhancements with PS mapped to HS or EUL in the absence of CPC for 20 ms only mode.
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