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1 Introduction

Extended Power Headroom Reporting (ePHR) has been specified for Rel-10/11 as defined in TS 36.321 [1]. When a UE is configured to report ePHR and is configured/activated with Semi-Persistent Scheduling (SPS) in the Uplink, this can cause a TB size mismatch problem. This could impact the intended SPS operation and degrade network throughput and/or VoIP user capacity. 

This contribution proposes to discuss this TB size mismatch problem within RAN2.

2 Discussion

The MAC procedures for Power Headroom Reporting are described in detail in section 5.4.6 of [1]. 

The Power Headroom MAC Control Element (PHR MAC CE) is described in section 6.1.3.6 of [1]. It has a fixed size of one octet and it contains a 6-bit field for the power headroom level.

For Rel-10 an Extended Power Headroom Reporting was introduced. The MAC Control Element for the Extended Power Headroom (ePHR MAC CE) is described in section 6.1.3.6a of [1]. In contrast to the fixed size of the PHR MAC CE, the ePHR MAC CE is now of variable size. The size depends on various factors, i.e. whether Type 2 PH is reported, how many SCells are configured, and if PH reporting is based on a real transmission on PUSCH or on a PUSCH reference format. The size of the ePHR MAC CE can vary in size from four to eleven octets, e.g. for a UE that has active transmissions on two carriers (PCell and SCell) within one subframe the size of the ePHR MAC CE is 6 octets. One benefit of the ePHR is the provision of PCMAX,c to the network, since without PCMAX,c  the network does not know the actual MPR/A-MPR/P-MPR values applied by the UE. As a consequence, the network cannot fully utilize the UE transmission power capability especially related to the P-MPR. For this reason, the ePHR has been agreed as mandatory from Rel‑10 [4][5] even if neither carrier aggregation nor simultaneous PUSCH/PUCCH transmission is supported by the UE.

When SPS was designed for Rel-8 the most important use case envisioned, was the Voice over IP service. Hence,  the entries in the tables for the TB size determination in section 7.1.7 of TS 36.213 [2] have been optimized for accommodating the payloads of the most prominent voice codecs (for details refer to [3]). Included in these TB size optimizations are two octets intended for variations in header size caused by the inclusion of a short Buffer Status Report and/or a Power Headroom Report. However, the basis of this calculation was the Rel-8 Power Headroom Report with a fixed size of one octet.

A Rel-10 UE, e.g. having a VoIP call, which is configured for ePHR and SPS  will now face the following problem:

If an ePHR is triggered, a VoIP packet is available in the buffers and the next available UL resource is the SPS‑configured resource, both the ePHR MAC CE and the VoIP packet will be considered by the Logical Channel Procedure for the respective transport block. However due to the larger size of the ePHR MAC CE compared to the Rel-8/9 PHR MAC CE, both will not fit within the configured TB if using one of the optimized TB sizes from the TB table.

For example, the TB size of 328 bits is intended for the WB-AMR codec at 12.65 kbps (about 248 bit every 20 ms). Allowing for 3 octets of RoHC header and 3 octets for MAC/RLC/PDCP headers, i.e. an additional 48 bits, this leaves room for two octets, a BSR MAC CE and a Rel-8/9 PHR MAC CE each of the size of one octet. A ePHR MAC CE will have at least the size of four octets (report for PCell only). Due to Logical Channel priorities the ePHR MAC CE is included into the transport block before the VoIP packet resulting into a segmentation of the VoIP packet.

Assuming a periodic PHR timer set to 200 subframes, this would lead to every 10th VoIP packet being segmented. In addition, any pathloss-triggered ePHR will further increase the number of segmented VoIP packets.

Since the VoIP packet is delay critical data, the eNB needs to schedule the UE dynamically as soon as possible in order to receive the remainder of the segmented VoIP packet on time, which causes an increased usage of the systems PDCCH resources. This is contradicting to the SPS concept, which is designed to avoid PDCCH overhead for services generating delay-critical small packets, e.g. VoIP. This increase of PDDCH resources requirements might in some scenarios even exceed the maximum available PDCCH resources of the PCell.

One circumvention of the above problem without impact on specifications would be overprovisioning resources by configuring SPS with a larger (non-optimized) TB size in order to accommodate both ePHR MAC CE and VoIP packet. Following the above example the TB size of 328 bit could be replaced by a larger TB size. However, depending on the available resource blocks and the modulation and coding according to the TB size table (Table 7.1.7.2.1-1) in [2] this will result in an increase between 48 and 112 bits (assuming TB sizes of 376, 392, 408, 424, and 440 bits), wasting resources and decreasing the systems VoIP capacity. Additionally, selecting TB sizes outside the optimized values limits the MCS choice for retransmissions, as the above mentioned values occur less often in the TB size table than the 328 bit value.

Proposal:  We propose to discuss the TB size mismatch problem within RAN2 when ePHR is to be included together with a VoIP packet into the transport block of a semi-persistently configured resource.
3 Conclusions

This contribution explains the problems that arise when ePHR is to be included together with a VoIP packet into the transport block of a semi-persistently configured resource. The contribution further outlines the impact of the problem to the PDCCH resources and PUSCH resources of the system.
Proposal:  We propose to discuss the TB size mismatch problem within RAN2 when ePHR is to be included together with a VoIP packet into the transport block of a semi-persistently configured resource.
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