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1
Introduction
In RAN1#80 the following two observations [1] were noted as potential issue for DL control signaling for up to 32 carriers.
· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

In RAN1#80bis these issues were further discussed and some companies [2, 3] beside others considered joint grants, where one DCI format can schedule multiple CCs, as a potential solution.

This contribution discusses the benefits and drawbacks of joint grants as well as some design options. In companion contributions [4] [5] other issues related to the blind decoding and false detection rate are discussed.
2
Design options for Joint Grants
The principle of the joint grant is to convey the DCI-information for several CCs in one large(r) DCI with the assumption that combining the separate DCIs into one large information block is more efficient. The overall required control resources on (E)PDCCH will be smaller and also the needed number of blind decodes can be reduced, as a several carriers are to be scheduled with a single grant. 
In this section we first discuss different design options for joint grants and compared their pros and cons. Discussions on the need including overall benefits and drawbacks of joint grants will be discussed in the next section (Section 3).
2.1
Joint grants conveyed on (E)PDCCH
So far the discussion on joint grants in [2] and [3] has assumed that there is a large DCI transmitted in the DL control channel transmitted either by PDCCH or (E)PDCCH containing the combined UL or DL scheduling information of several carriers. The principle of joint grant on (E)PDCCH operation for multi-carrier PDSCH scheduling is shown in Figure 1.
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Figure 1. Basic principle of Joint Grant on PDCCH operation
In [2] and [3] the principles and some options of joint grants carried on EPDCCH were discussed with the focus on optimizing the fields in the format by making some of them common for all scheduled CCs or alternatively shortening them and thereby reducing some scheduling possibilities. Reduction of the DCI content in the joint grant will be needed in order to guarantee the JG DCI to still fit into the largest ALs of (E)PDCCH resulting. The needed scheduling information reduction will result in reduced PDSCH/PUSCH utilization flexibility of the carriers included in the joint grant as discussed in [4]. 

Such a reduction in carrier operation flexibility will clearly affect the spectral efficiency / user throughput, as e.g. fully independent resource allocation and/or link adaptation and/or HARQ operation between CCs might not be possible any longer of course affecting the LTE performance of carriers scheduled by joint grants. 

Different optimizations of the DCI content depending on different target deployment scenarios might be further existing. Therefore, it might be hard to come up with a generic design of a single reduced DCI content that will work equally well for application of joint grants in different scenarios. As an example, the joint DL grant content for scheduling LAA carriers might have a different sweat spot in terms of DCI content compared to licensed band small cells with/without being in the same location. Considering also the different carrier aggregation scenarios to be supported, for co-located cells there might be of course a different optimization possible compared to the case of considering non-co-located cells enabled e.g. through RRH deployments. 
2.2
Joint grants conveyed on PDSCH

Another option could be to transmit the joint grant containing the scheduling information for several carriers on PDSCH. This kind of control on PDSCH is not new in LTE; actually it was already in Rel-8 adopted for the RACH response. The small, triggering DCI carried on (E)PDCCH points to the joint grant carried on PDSCH, which again refers to the resource allocation of PDSCH (in case of using joint grants for PDSCH scheduling). This design principle is illustrated in Figure 2.  
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Figure 2. Basic principle of Joint Grant on PDSCH operation

A joint grant carried on PDSCH could operate according to the following principles:

· The joint grant is triggered with a triggering DCI carried on (E)PDCCH. The triggering DCI may have a unique size, which is recognized only when the UE is configured for the joint grant operation. Most importantly the trigger DCI contains the resource allocation where the Joint Grant is to be found in the PDSCH area and may contain TBS/MCS information. Compared to normal PDSCH operation certain fields defining the regular PDSCH behavior can be fixed and implicitly known by the UE (NDI, RV, etc.) as no HARQ operation (incl. retransmissions) of joint grants carried on PDSCH is intended.

· The triggering DCI on (E)PDCCH, the joint grant on PDSCH as well as the scheduled PDSCH data are all transmitted in the same DL subframe.
· The trigger DCI can be transmitted on PDCCH or EPDCCH. Using PDCCH may be preferable as this will enable early joint grant detection compared to the case of using EPDCCH. 
· The joint grant on PDSCH maybe be preferably transmitted using CRS based operation using TM2 (transmit diversity using SFBC) but some single stream DM-RS based TM could be envisioned as well. 
· The joint grant content on PDSCH might be the same as for some joint grant carried no (E)PDCCH, meaning reducing the individual carrier scheduling information in order to keep the joint grant compact. 
But as the PDSCH itself is not as resource limited as the largest supported ALs on (E)PDCCH, in principle all the information available in individual grants (except CRC) could be contained in a joint grant carried on PDSCH and thereby, still providing the same flexibility from PDSCH/PUSCH scheduling point of view as individual grants. 

2.3 Joint grant on PDSCH versus (E)PDCCH

Clearly, transmitting the joint grant on PDSCH will have some benefits and drawbacks compared to having the joint grant DCI on (E)PDCCH directly:
· Improved coverage: With PDSCH JG it is possible to retain a smaller code rate (by using more PDSCH resources) than what is available on PDCCH having a maximum aggregation level of 8. Frequency diversity can be achieved by using resource allocation Type 0. A variety of code rates are available for the joint grant carried on PDSCH.

· Improved decoding performance: Turbo decoding is used for the PDSCH. As the joint grant is rather large the coding performance is better than for (E)PDCCH using convolutional coding.
· Improved scalability: As allocations on PDSCH are not limited by the size, there is a better scalability in terms of the number of carriers that can be scheduled. There is no need to define the JG DCIs for a specific number of carriers - this could be depending on the configured number of carriers for a single joint grant operation, In contrast, the DCI for JGs on (E)PDCCH will need to assume a certain number of carriers within the JG group to be scheduled and the respective DCI fields will be there also in case a lower number of carriers is configured for this JG group.
· Improved forward compatibility: The DCI field contents for JGs on PDSCH can be optimized in the future still without the need to considering legacy DCI fields (e.g. for LAA operation etc.).

· Improved False-Positive behavior: PDSCH allocations are already protected with a 24-bit CRC. This means that the probability for false positive detection of the joint grant on PDSCH is virtually zero/much better compared to the 16-bit CRC on (E)PDCCH.

· Reduced decoding time budget for the UE: One/the major drawback of the JG PDSCH approach is that the UE needs one additional decoding step (decoding of the JG on PDSCH) in a subframe with potential delay impacts in the UE processing. This might be specifically of relevance in case the triggering DCI is to be carried on EPDCCH. 
As it seems that there are several benefits of PDSCH based joint grants compared to JGs on EPDCCH, which we try to summarize as: 
Observation 1: Joint grant on PDSCH might have some advantages over joint grants on (E)PDCCH.

3
On the need of joint grants for eCA
The main motivation for introducing joint grants have been to reduce the number of required blind decodes for the UE as well as tackling the issue of false-positive detection of DL grants. We would like to note here, that there exist alternative solutions for reducing the number of blind decodes discussed in [4] and alternative solutions to mitigate the detrimental effect of false-positive detection of DL grants discussed in [5], that would enable to continue carrier aggregation operation based on individual grants also for a large number of CCs. 

We included already some discussions on benefits and drawbacks of joint grants conveyed on (E)PDCCH in our considerations on reducing the number of blind decodes in [4]. We are therefore not repeating all the related discussions in this contribution but will focus on a summary of the most important aspects in here, by referring in the relevant points to the companion contributions [4,5]. 

The main benefits of using Joint grants we were able to identify are:
· Reduction of the overall amount of DL control resources. This is based on the fact that by reducing the DCI content impacting the scheduling flexibility combining multiple DCIs into one large DCI (at least for EPDCCH based JG) or requiring only a single triggering DCI for several carriers (for PDSCH based JG). 
In case of PDSCH based JG, additional PDSCH resources will be utilized to carry the joint grant. 
· The total number of blind decoding can be reduced rather dramatically compared to alternative solutions [4]. The reduction depends on how many carriers can be scheduled with a single joint grant. 
· In RAN1#80bis the number of cross-scheduled carriers from a single scheduling cell was limited to eight using a 3bit CIF. With joint grants the number of cross-scheduled carriers can be further increased by enabling joint grant operation on top of cross-carrier scheduling of individual grants. The need & motivation to support to x-scheduling of a very large number of CCs from a single scheduling cell seems to be rather limited and clearly should not be the optimization point for CA operation up to 32 CCs.
The joint grant operation has also some rather large drawbacks: 

· At least for JGs carried on (E)PDCCH, in order to exploit a reduction of the DL control resources some of the DCI fields need to be common (or partially common) like the resource assignments or MCS for the carriers. This will compromise the performance of the scheduled carriers [4].
· The DCI content of joint grants might be quite large. For JGs carried no (E)PDCCH therefore only higher aggregation levels are possible to use. If there in addition is only a single search space for joint grants and the number of blind decodes are decreased also the blocking is increased affecting with a single blocked DCI all the carriers scheduled by the joint grant as noted in [4]. 

· As pointed out already in the previous section, the coverage due to a larger grant on (E)PDCCH will of course also have an effect on coverage and at least (E)PDCCH based JGs can only be used when having favorable SINR conditions in DL of the scheduling cell. 
· Using JGs (PDSCH or EPDCCH based) is not really working well for the case of LAA DL scheduling [4], as there might be cases when DL grants are to be transmitted without the LAA PDSCH being present due to LBT operation. Therefore, the same issues exist for joint grants than for LAA DL cross-carrier scheduling using individual grants. 
· The introduction of JGs will require rather high standardization efforts. For EPDCCH based JGs there is a need to define the content of joint grants and RAN1 needs to agree which data channel scheduling flexibility can be restricted and which parts can be retained (i.e. optimization for specific target deployment scenario)[4]. In case of PDSCH based JGs, the details of the triggering DCI as well as the structure of the joint grant carried on PDSCH will need to be defined as well. 
· Joint grant operation requires joint multi-carrier data scheduling, potentially joint resource allocation, link adaptation and HARQ operation decisions at the eNB side [4]. Therefore, only a joint overall multi-carrier scheduler will be able to somehow still efficiently operate using joint grants. In contrast, with individual grants the scheduling decisions (incl. resource allocation, link adaptation etc.) can be taken independently potentially even at different eNB locations. 

Considering, that there are alternative solutions existing to reduce the number of blind decodes as discussed in [4] and the mitigation of false-positive DL grants in [5] and as well as rather large number of drawbacks (incl. especially the high required specification effort), we would like to make the following related observation & proposal:

Observation 2: Restricting the number of blind decodes and solving the false-positive DL grant detection issue can be achieved by alternative solutions having less system, specification and operation impact than joint grants. 
Proposal: Joint grants should only be introduced in case clear benefits and a real need is identified. 
4
Conclusions
In this contribution, we discuss joint grants for carrier aggregation enhancements up to 32 CCs. We would like to summarize the discussions in the following observations and proposals: 
· Observation 1: Joint grant on PDSCH might have some advantages over joint grants on (E)PDCCH.

· Observation 2: Restricting the number of blind decodes and solving the false-positive DL grant detection issue can be achieved by alternative solutions having less system, specification and operation impact than joint grants. 
· Proposal: Joint grants should only be introduced in case clear benefits and a real need is identified. 
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