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1. Introduction
This contribution provides an update for R1-062653.

The shared control channel (SCCH) for downlink scheduling has so far attracted the most attention. However, the efficient SCCH transmission as it relates to UL grants is an equally, if not more, important issue for the SCCH spectral efficiency. This is because a DL CQI cannot be assumed available at the Node B for the transmission of the UL scheduling grants and the fading characteristics of the DL and UL channels can be substantially different (independent), thereby limiting the degree of possible link adaptation.
In [1, 2], the joint coding scheme with multiple MCS regions was suggested for the UL grants with the coding also incorporating Cat1 for the DL scheduling grants. In [3], system level evaluation results are presented providing insight into the number of MCS regions and their distribution, the number of required resource blocks (RBs) to transmit UL grants and Cat1 of DL grants, the blocking probability (i.e. the probability that the lowest MCS region does not suffice for the transmission of a grant during a TTI), and the probability that the BLER target (of 1%) is not met due to CQI estimation errors. 

An alternative approach to the coding of UL grants was proposed in [4] where a single codeword, dimensioned for the scheduled UE with the worst SINR and having multiple possible lengths, is transmitted and a UE attempts multiple decodings, each corresponding to one of the possible codeword lengths. The UL scheduling grants are also punctured into DL data sub-carriers and a DL scheduled UE also has to decode the UL scheduling grants and puncture its data at the positions corresponding to UL grants. 
This contribution provides an overview of the issues regarding the transmission of UL scheduling grants and compares the two proposed alternatives. Moreover, signaling efficiencies are demonstrated in the case of joint coding for the UL and DL grants. It is assumed that both the DL and UL UEs can receive the shared control channel at the same bandwidth (e.g. minimum DL operating bandwidth capability of 10 MHz). Whether to include the ACK/NAK for UL transmissions in the DL control channel for scheduling grants is FFS.
2. Transmission of UL Scheduling Grants – Joint Coding
The main motivation to apply joint coding in multiple MCS regions for the UL grants, similarly to Cat1 for the DL grants, is that even though the UL channel may be substantially different (independent) than the DL one, the location of UEs having UL transmissions can be estimated based on the CQI reporting (distributed reference signal in the UL) and the UL slow power control. Moreover, many UEs are likely to have both DL and UL communication in which case a DL CQI is known at the Node B scheduler (a UE may even have simultaneous DL and UL scheduling grants, e.g. for gaming). 
The joint coding approach for the shared control channel (SCCH) in multiple MCS regions and its transmission characteristics are discussed in detail in [5] and the scheme is depicted in Figure 1 for reference.
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Figure 1: TDM Structure of SCCH Fields. 
It is therefore apparent that link adaptation efficiencies exist and can be exploited for the transmission of UL grants. Moreover, the baseline EUTRA assumption of 2 Tx antennas and 2 Rx antennas provides significant spatial diversity and can limit the effect of the independence between DL and UL short term fading on the expected average SINR across the SCCH transmission bandwidth. This is further enhanced by the distributed codeword transmission through frequency hopping.

However, for channels with low multipath diversity, such as the Pedestrian A, additional protection may be needed. It may be accomplished, for example, by placing the corresponding UE in a lower MCS region than a UE with similar average SINR having richer multipath diversity. However, such a protection may be anyway needed for the DL Cat1 transmission as, for the same codeword length, the gains from turbo coding relative to convolutional one are smaller in low diversity channels and, additionally, the SINR required to achieve BLER at around 1% is also larger (without considering the difference in turbo coding gains) [6]. Notice that the DL and UL propagation characteristics (multipaths) are the same. 
The alternative option of having a single codeword [4] for the UL grants (and separate coding from the DL grants) implies that the MCS scheme (or transmission power) for the UL grants needs to be dimensioned for the scheduled UE having the worst SINR, assuming that the DL and UL equivalence in average long terms SINR can be exploited as previously mentioned. Otherwise, the transmission of UL grants needs to always assume the worst case SINR (e.g. 5% CDF). Even with the first possibility, having a single codeword has been repeatedly shown to be a poor alternative in terms of resulting spectral efficiency [7].    
3. Joint Coding of UL Grants with DL Category 1
For joint coding in multiple MCS regions of the UL grants and (at least) DL Cat1, the next issue to be addressed is whether these two should be separately or jointly coded. Joint coding provides additional benefits over separate one as it increases the codeword size and the corresponding gains from turbo coding. Moreover, it also increases the UE population for allocation into the multiple MCS regions, thereby increasing the probability that there will be more than one UE per MCS region without having to demote UEs in lower MCS regions and decrease the spectral efficiency of their SCCH transmission. It also requires a single CRC (instead of two) per MCS region.

In addition to transmission efficiencies, joint coding of UL and DL grants can provide signaling efficiencies and reduce the number of required signaling bits. One such case occurs when a UE is scheduled both in the DL and UL by the same SCCH transmission (e.g. for gaming). Then, in the lowest UE populated (non-empty) MCS region, an additional field carrying “joint DL/UL grant” flags can indicate whether a UE has both a DL grant and an UL grant. The field of “joint DL/UL grant” flags may only address UE populated (non-empty) MCS regions. Then, the UE ID does not have to be transmitted for both grants. This is depicted in Figure 2. The order of the UE IDs in the corresponding MCS codeword can be arranged so that IDs for UEs whose number is indicated by the “joint DL/UL grant” flag appear first (or last, or at any pre-determined location). The number of DL and UL UEs in an MCS region is known through the Cat0 information [8]. 
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Figure 2: Exemplary Application for the Joint DL/UL Flag. 
The size (number of bits) of the “joint UL/DL grant” flag for each MCS region is predetermined (but not necessarily fixed as explained later). Each scheduled UE, having decoded Cat0 and being able to decode the lowest MCS region, knows the minimum between the numbers of DL and UL scheduled UEs and the “joint DL/UL grant” flag for each MCS region and therefore implicitly knows the size of the control channel in each MCS region and the total one. For example, if there are 5 MCS regions and the “joint DL/UL flag” is 2 bits, the total number of additional bits in the lowest UE populated MCS region is 10 and the maximum number of UE IDs that can be omitted per MCS region is 3. 

Whether such an approach is useful in terms of signaling bits depends on the number of MCS regions, the flag size for each MCS region, and the probability that UEs have both UL and DL transmission and get simultaneous UL and DL grants. Considering for example 9 bits for the UE ID, 5 MCS regions, a 2-bit flag for each MCS region, and 20 UEs simultaneously scheduled in both DL and UL in a 10 MHz scheduling bandwidth, signaling efficiencies occur if 2 or more UEs have simultaneous DL and UL grants. The signaling reduction size depends on the scheduled UEs distribution in MCS regions. 

A signaling inefficiency occurs if no UEs are simultaneously scheduled in the DL and UL. To minimize this, one single bit may be additionally placed in Cat0 to indicate the existence of the “joint DL/UL grant” flags field. Therefore, the lowest UE populated MCS region will have the field of “joint DL/UL grant” flags only if it is so indicated by Cat0. In that sense, the only signaling inefficiency is this one additional bit in Cat0. This is because if the Cat0 indicates the existence of a field of “joint DL/UL grant” flags, the signaling bits savings from not having a duplicate UE ID are larger than or about equal to the signaling overhead from having the field of “joint DL/UL grant” flags in the lowest MCS region. 

The size of each “joint DL/UL grant” flags may also be varied in a predetermined manner to minimize the corresponding overhead. For example, if in an MCS region there are 3 DL grants and 1 UL grant, the flag size need not be more than 1 bit. On the other hand, if in an MCS region there are 5 DL grants and 3 UL grants, the flag size may be 2 bits. Again, this information is known by all scheduled UEs.
It should be noted that since not all MCS regions supported in Cat0 need to have non-zero UE population, the field of “joint DL/UL grant” flags only corresponds to UE populated MCS regions. In that manner, its size need not be the maximum one, but it is again always known by the scheduled UEs.

The “joint DL/UL grant” flag for a particular MCS region may be transmitted in that region or any other lower MCS region to improve the transmission spectral efficiency. However, similarly to the nested approach for the Cat0 transmission in [2], this has the serious shortcoming that not all UEs, other than the ones in the highest MCS region, can know of the control channel size. Then, throughput losses can occur if the control channel does not occupy a predefined or an integer number of OFDM symbols. In an OFDM symbol partly occupied by the control channel, RBs not used by the control channel can only be used by UEs in the highest MCS region since only those UEs know the control channel size. However, the SINR of such UEs in these RBs may be poor and assignment to other UEs would have been preferable. This is only possible, without extra signaling to introduce a time dimension for the RB mapping in a TTI, if the field of “joint DL/UL grant” flags is placed in the lowest MCS region. 

The location of the UL (DL) grant, in case of a simultaneous DL and UL grants for a UE, may be after the DL (UL) grant or it may be in the beginning or end (or at any pre-determined place) of the UL (DL) grants section in the MCS codeword. For example, if multiple UEs in the MCS codeword have simultaneous DL and UL grants, the order in which they appear in the DL portion of the SCCH (Cat1) can be used to indicate the corresponding order in the UL grant section of the codeword.

4. Conclusions
The transmission of UL grants was examined for the two previously suggested approaches of having the UL grants coded into a single codeword or applying joint coding into multiple MCS regions (similarly to the DL grants, at least for Cat1).

Based on previous results regarding the spectral efficiency of having a single codeword with MCS (or transmission power) adjusted to the scheduled UE with the worst SINR (e.g. [7]) and based on shortcomings of applying link adaptation through transmit power control, as outlined in [5], it is suggested that joint coding in multiple MCS regions is used to transmit the UL grants.

Regarding the separate of joint transmission of DL and UL grants, two advantages have been identified in favor of the latter in terms of transmission efficiency and signaling efficiency: 
· Transmission efficiencies result from applying turbo coding as the codeword size is increased and from the improved granularity of link adaptation as the probability of populating the proper MCS with a large codeword is also increased. 
· Signaling efficiencies result from avoiding duplicate ID transmissions for UEs having simultaneous DL and UL grants.

It is suggested that: 
· joint coding in multiple MCS regions is used for UL grants 
· UL grants are jointly coded with at least Cat1 of the DL grants
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